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ABSTRACT 

Jojoba, Simmondsia chinensis (Link) Schneid 1 to 3 

mm long shoot tips containing the meristem dome surrounded 

by 1 to 2 pairs of the youngest leaf primordia were excised 

and cultured aseptically for 60 and 150 days on modified 

Murashige and Skoog medium. Kinetin and naphthaleneacetic 

acid alone or in combinations at 10 different levels were 

added to the nutrient medium to determine the best combina

tions of these growth regulators to produce normal plants 

from single explants when submitted to a defined medium. 

Significant differences in fresh weight of the 

explants were observed between explants treated with 

different levels of kinetin, different levels of naphthalene

acetic acid, and by interaction of these growth regulators. 

Kinetin alone, or in combinations with 0.25 to 0.75 

mg/1 of naphthaleneacetic acid had a specific effect in 

inducing shoot and leaf differentiation at all concentra

tions tested when the explants were cultured for 150 days. 

Naphthaleneacetic acid added alone to nutrient medium or in 

combinations with 0.75 and 1.00 mg/1 of kinetin was very 

effective in inducing root formation. Many of the roots 

differentiated were negatively geotropic and formed many 

root hairs. The explants that differentiated in callus, 

shoots and leaves did not form roots, and the explants that 

xi 
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differentiated in callus and roots did not form shoots and 

leaves; thus complete plantelets were_not formed. 



CHAPTER 1 

INTRODUCTION 

Jojoba, Simmondsia chinensis (Link) Schneid is a 

dioecious, rigid spreading shrub/ 1 to 3 meters high, with 

yellowish green branching pubescent twigs. Leaves are 

simple, opposite, evergreen; the blades thick and leathery, 

oblong-ovate, rounded at both ends, 2.50 to 5.00 cm long, 

and 1.50 to 2.50 cm wide, 1 or rarely 3 veined from the 

base, pale green, or yellowish, minutely puberulent on both 

surfaces and entire. Flowers are unisexual, apetalous; 

staminate flowers are about 0.50 cm long, in sessile or 

short peduncles, sepals 5 in number, unequal, increasing in 

size as the fruit develops, styles 3, ovary superior, 3-

celled, becoming 1 celled by abortion. The fruit is a 

smooth cylindrical capsule, about 1.90 cm long, somewhat 

resembling an acorn, tipped by a short point, the calyx 

persisting; seeds smooth and brown to black (Thomson, 1976). 

The jojoba plant is wind pollinated and the fruit 

takes about six months to mature, finally splitting open and 

allowing the nut to drop out. The capsule and seed can be 
i' 

harvested before this happens, although the total wax 

content may not be as high as for fully mature seeds. 

1 
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The fruit usually occurs singly, but may be found in 

clusters containing up to twelve fruits. Each fruit 

contains from one to three nuts composed largely of 

cotyledons. Seeds weigh an average of 0.56 grams and 

contain about 52% of liquid wax, which requires little or no 

refining for use as a lubrificant and contains about 30% 

protein. Wax content of seeds does not decrease with long 

term storage and the wax has remarkable resistance to 

bacterial degradation (Yermanos, 1974). 

Jojoba is native to the Arizona Desert, coastal 

Southern California, Baja California, and parts of Sonora, 

Mexico. The jojoba natural habitat comprises approximately 

155,000 square kilometers between latitudes 25° and 31° 

North. There are many separate populations within this area 

varying from a few individual to several hundred per acre, 

and some extensive populations with millions of individual 

plants occur for example, in the vicinity of Superior, 

Arizona, and on the high desert plain of San Matias Pass in 

Baja California. In the Sonoran Desert, jojoba grows at 

elevations between 6 00 to 1,200 meters, rarely going lower 

but in Baja California, and some localities in Sonora it 

occurs at sea level. 

Jojoba is usually restricted to well-drained, 

coarse, desert soils and coarse mixtures of gravels and 

clays. In loamy to clay-loamy soils, the plant has shown 

ability to develop without additional water in areas 
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receiving 200 mm annual rainfall. Although it does occur in 

areas where the rainfall is less than 120 mm its greatest 

dominance is where the rainfall is 4 00 mm to 450 mm annually. 

Jojoba tolerates extreme daily fluctuations of 

temperature. In its native habitat, readings of 43 to 46 C 

in the shade are usual during the summer. Mature shrubs 

may tolerate temperature as low as -10 C, but seedlings are 

sensitive to light frosts of 3 to 9 C below freezing. It is 

drought-resistant and grows well under soil and moisture 

conditions not suitable for agricultural crops. 

Very little had been known about jojoba before 

Greene and Foster (1933), at The University of Arizona, 

reported on the chemical composition of its seed oil. They 

found that jojoba is the only plant known whose seed oil is 

not a triglyceride, but is a mixture of two monobasic esters 

of two long chain alcohols, each one hooked to a long chain 

fatty acid. In chemical structure jojoba seed oil is not a 

fat but a liquid wax. Fats, including the seed oils of all 

other plants, are triglycerides with a molecule of glycerol 

esterified with three molecules of fatty acid. Jojoba wax, 

like sperm oil, are wax esters with one molecule of a long 

chain alcohol esterified with one molecule of a long 

chain fatty acid (National Academy of Sciences, 1975). 

Following the enactment of the Endangered Species 

Conservation Act of 1969, sperm whales were placed on the 

protected list and imports of sperm whale oil were banned in 
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1971. Therefore a substitute had to be found for the 24,970 

tons of sperm whale oil annually used in the United States. 

Since jojoba liquid wax resembles sperm whale oil both in 

composition and in laboratory tests, it may serve as a sperm 

oil replacement. 

Jojoba liquid wax has advantages over the similar 

product from the sperm whale: it possesses no fish odor but 

has a mild pleasant odor; the crude oil does not contain 

fats and does not require refining for use in most indus

trial processes; it has a very high viscosity index and very 

high flash and fire points which are important industrial 

parameters; it will take up larger amount of sulfur than 

will sperm whale oil; it does not darken to the same extent 

as other oils on sulfurization and highly sulfurized jojoba 

wax remains liquid, whereas highly sulfurized sperm oil 

requires the addition of mineral oil to remain liquid; it 

is undamaged by repeated heating to high temperatures and 

does not change viscosity with temperature changes; it is 

highly stable because it is a nondrying oil, having such 

high resistance to oxidation that it can be stored for years 

without becoming rancid; because jojoba wax does not 

become rancid it might well replace ordinary vegetable oils 

where rancidity is a problem such as in food, cosmetic and 

hair oil; it is a vegetable product that may be produced in 

many other countries. 



At the present time, jojoba plants are produced by 

seeds and with more difficulty by shoot cuttings. The 

multiplication by seeds results in the production of about 

50% male plants and 50% female plants. The female plants 

produce wax and male plants are only utilized for pollen 

production. Although jojoba can be propagated by shoot 

cuttings {Daugherty and Sincath, 1953), this method has not 

been widely adopted. This suggests that other methods of 

vegetative propagation should be studied. 

Recent advances in the culture of plant cells and 

tissue in vitro have provided the basis for a technology 

that permits the application of microbiological methods to 

higher plants. The development of this technology is 

important to the basic plant sciences and for practical 

applications in agriculture. 

Generally, tissue cultured In vitro requires mineral 

salts, a sugar source, vitamins, and amino acids to support 

growth and proliferation, and when cultured under suitable 

conditions it can be induced to differentiate, yielding 

complete plants. The process of morphogenesis from un

organized cells may occur either by embryogenesis in the 

absence of exogenous growth regulators or by organogenesis 

induced by exogenous growth regulators. 

There are numerous examples of plant regeneration 

from tissue, and in some cases the technique can be used as 

a routine method for vegetative propagation, but it is 
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important to observe that the specific conditions for in 

vitro culture and differentiation must be determined for 

each plant species and that these conditions can not, on the 

whole, be generalized. 

Several factors must be considered when using tissue 

culture in vitro, because they have a profound effect on the 

success of the method. The following are important: plant 

part, source, age, conditions under which source plant is 

grown, nutrients in the medium, light intensity and light 

quality, types and levels of the growth regulators, day-

length, temperature and fluctuating day and night tempera

tures, relative humidity, pH of the medium, and explants 

and medium free of micro-organism. 

Two of the main uses of the tissue culture in vitro 

in horticulture are (1) recovery of pathogen-free plants or, 

in some cases, symptomless diseases and (2) for the rapid 

increase of new clones and cultivars. 

Tissue culture has been extensively used to grow 

fully differentiated plants from single cells, callus, buds, 

embryos, anthers, root and shoot meristems. In general 

herbaceous angiosperms such as tobacco, pea, carrot, 

carnation, tomato, petunia, sweet potato, gerbera, 

cauliflower, asparagus, and chrysanthemum have been most 

easily cultured. 

A few woody plants have been successfully cultured 

including gooseberry plantlets from terminal shoot meristems, 
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aspen, citrus, coffee, and grape plants from callus, peach 

and cotton plantlets from immature embryos, and eucalyptus 

plantlets from stem nodes. The formation of a plant from 

a single plant part that normally does not regenerate or 

from a single cell is a considerable achievement which could 

be of a great value in production of new plant cultivars. 

Before the tissue culture in vitro system can be 

seriously considered as an alternate conventional method of 

propagation of an existing cultivar, Earle and Langhans 

(1974), believe that the following requirements should be 

met: (1) culture can be consistently established from a 

defined and readily available plant part; (2) culture can 

produce plantlets under defined conditions; (3) plantlets 

can be successfully transplanted to greenhouse and field; 

(4) ability to reorganize is retained after repeated sub-

culturing; (5) plantlets develop into plants like the 

parents, both initially and after repeated subculturing; 

(6) rates of production are comparable to or better than 

rates for conventional propagation; (7) the system works 

for different cultivars without drastic modifications; (8) 

transfer and manipulation required per plantlet produced is 

not excessive; (9) culture can be stored with minimum of 

care. 

Steps 1, 2, and 3 have been achieved for many 

species including geranium, gladiolus, petunia, carnation, 
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chrysanthemum, orchids, and many others. The other steps 

have been less closely examined or failed to be effective. 

The objective of this research was to study the 

relationship between the growth regulators, naphthaleneacetic 

acid and furfuryl adenine in the growth and organogenesis 

of jojoba shoot tips iri vitro and to determine the best 

combinations of these growth regulators to produce normal 

plants from single explant tissue when submitted to a 

defined medium. 



CHAPTER 2 

LITERATURE REVIEW 

Tissue Culture 

The smallest viable unit of a plant one can at 

present envisage as reproducing growing and developing in 

culture is a single cell. Haberlandt (1902) attempted to 

grow single higher plant cells in sterile culture, but for 

various reasons his attempts were unsuccessful. Knudson 

(1922) described culture techniques for germinating orchid 

seeds, a procedure now in standard horticultural use. 

Embryos whose germination is delayed because they are dormant 

within the intact seed, or which abort if they remain until 

maturity, can be excised from the seed and successfully 

germinated by embryo culture iri vitro. 

White (1934) was able to grow tomato roots con

tinuously in vitro by supplying them with yeast extract, 

the essential ingredients were to be certain B vitamins, 

notably thiamin. Gautheret (1940) established that isolated 

portions of storage tissue from carrot roots could be kept 

alive and grown in sterile culture. 

Since these early pioneering efforts, the technique 

of tissue, organ, and cell culture has been utilized 

extensively as a standard research tool in many plant 

9 
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physiology, plant pathology, genetics laboratories, and also 

for plant propagation. 

Loo (1946) showed that it was possible to maintain 

excised stem tips of dodder Cuscuta campestris in vitro for 

a period of five months through several transfers. The 

excised stem tips produced lateral buds and flowers in a 

simple medium without the formation of leaves and roots. A 

considerable amount of chlorophyll was produced in the 

excised stem tips and probably plays an important role in 

maintaining the growth of the culture. 

Freshly excised sterile asparagus stem tips formed 

roots readily when exposed to appropriate concentrations of 

auxin in the dark (Galston, 1948). No roots were formed in 

the light in the presence of the same concentrations of 

auxin. If stem tips were subcultured for several months in 

the dark, they lost their ability to root in response to 

auxin, although stem growth continues. This was interpreted 

as being due to a depletion of substances involved specifi

cally in root initiation. 

Skoog and Tsui (1948) cultured callus and stem 

internode segments of tobacco in a nutrient medium with and 

without addition of adenine, adenosine, and naphthalene-

acetic acid. They demonstrated that adenine induced bud 

formation, in both callus and internode tissues. 

Naphthaleneacetic acid stimulated callus growth and root 

formation in stem segments, but it inhibited bud formation. 
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Combinations of adenine and naphthaleneacetic acid stimu

lated cell proliferation and enlargement of all tissues. 

Chemical control of bud formation in tobacco stem 

segments cultured aseptically was studied by Miller and 

Skoog (1953). Addition of adenine to the medium caused a 

marked increase of bud formation. Low concentrations of 

IAA greatly reduced the number of buds formed, both in the 

presence and absence of adenine. This inhibition was over

come by addition of high concentrations of adenine to the 

medium. They suggested that both IAA and adenine exert 

their effects on growth and organ formation of plant 

tissue. 

Steinhart, Standifer, and Skoog (1961) cultured 

callus derived from seedlings of Norway spruce, Picea abies 

Karst, for 3 years on a medium supplemented with malt 

extract. They concluded that malt extract could be 

replaced completely by casein hydrolysate. Arginine, 

glutamine, or urea, although less effective, also supported 

continuous growth of the callus, and inositol was shown to 

be very effective in stimulating the callus growth. 

Callus tissue derived from leaf petioles of parsley, 

Petroselinum hortense Hoffm, was cultured in a synthetic 

medium by Vasil and Hildebrandt (1966b). The callus was 

highly friable and easily dissociates into single cells and 

cell groups. In several nutrient media many nodular 

structures with negatively geotropic roots were formed. 
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When the callus was cultured on Murashige and Skoog medium 

with adenine sulphate, embryoids were formed, and finally 

they developed into normal plantlets with roots and shoots. 

Vasil and Hildebrandt (1966a) reported that callus 

tissue derived from mature embryos of endive, Cichorium 

endivia Linn., was grown on synthetic liquid and/or agar 

nutrient medium. Incorporation of yeast extract or high 

concentrations of inositol, kinetin, and casein hydrolysate 

improved growth and organ formation. Pillai and Hildebrandt 

(1969) demonstrated that geranium callus produced from stem 

tips and internode pith with vascular tissue cultured on a 

synthetic medium with 2,4-D grew well for many generations, 

but only tracheids were induced. When the callus was 

transferred to Murashige and Skoog medium with NAA and 

kinetin, shoots and roots were formed. 

Engelke, Hamzi, and Skoog (1973) reported that 

plantlets derived from callus cultures of tobacco were grown 

on medium containing combinations of GA^ and cytokinin. 

Increasing levels of both growth regulators resulted in the 

production of greater amounts of callus and shoot tissues. 

More buds were induced when the cytokinin level was 

increased, but this effect was counteracted by raising the 

GA^/cytokinin ratio. Furthermore, the size and form of the 

shoots depended on the GA^/cytokinin ratio. High ratios 

resulted in tall, spindly plants with narrow leaves, while 

low ratios resulted in short shoots with rounded leaves. 
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Minicha and Mehra (1974) demonstrated that young 

vegetative buds from Neomammillaria prolifera grown on 

Murashige and Skoog medium supplemented with fresh coconut 

milk had very little growth. However, healthy green callus 

was obtained on a medium containing 2,4-D and kinetin and 

exhibited extremely fast growth. Relatively high levels 

of 2,4-D, kinetin, and coconut milk were required at all 

times for continued proliferation of callus on subculturing. 

It was not possible to establish root cultures or to induce 

callusing of roots. Attempts to induce differentiation in 

callus were unsuccessful, except for sporadic root initia

tion in some cultures. 

Winton (1970) produced trees in vitro from firm 

white callus derived from root sprout stem segments of 

aspen, Populus tremuloides Michx. The callus was cultured 

for two years on a modified Wolter and Skoog medium with 

different levels of 2,4-D, kinetin, and benzylaminopurine. 

Explants obtained by removing the radicle tip and the 

plumule from embryos of Vicia faba were induced to form 

callus when cultured in vitro with different concentrations 

of kinetin and 2,4-D by Mitchell and Gildow (1975). 

Improved growth, measured as fresh weight was obtained by 

increasing the nitrogen content of the medium. 

Matsubara (1975) studied the nutritional and 

hormonal requirements for in vitro growth of callus tissue 

of Vigna sinensis Endl. Callus was formed on hypocotyl and 
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root sections, when they were cultured on Linsmaier and 

Skoog basal medium solidified with agar and supplemented 

with 2,4-D or IAA. Further addition of kinetin and yeast 

extract resulted in more active callus formation. For 

vigorous growth, yeast extract was indispensable in addition 

to 2,4-D and kinetin. Kinetin stimulated cell proliferation 

of the callus and cell differentiation to tracheary 

elements. 

Salmia (1975) obtained excellent growth of callus 

tissue derived from hypocotyl segments of stone pine, Pinus 

cembra L. A solidified medium was used, supplemented with 

2,4-D, kinetin, edamin, and coconut milk. The callus tissue 

did not produce shoots or roots, but showed an ability for 

cytodifferentiation. The callus tissue was mainly diploid 

during the period studied and more than 86% of the mitoses 

were diploid. 

Sheridan (197 5) studied the callus induction from 

mature embryos and stem sections of seedlings of Zea mays L. 

on Linsmaier and Skoog medium with 2,4-D and kinetin. They 

found that 2,4-D was superior to NAA and IAA for callus 

induction and growth. Banerjee and Gupta (197 5) cultured 

root, stem, and leaf segments of Nigella sativa on White 

medium containing NAA and coconut milk. Roots were formed 

from all callus obtained. Shoot development occurred in 

stem and leaf callus only after the omission of coconut 

milk and auxin from the basal medium. Frequency of organ 
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differentiation and the maintenance of this capacity 

depended upon the nature as well as the age of the callus 

tissue. 

Jelaska (1974) induced callus differentiation by 

culturing explants of pumpkin hypocotyls on Murashige and 

Skoog medium with the addition of glucose and one of the 

following growth regulators individually or in combinations: 

IBA, 2,4-D, IAA, NAA, adenine, kinetin, autoclaved water 

melon sap, and yeast extract. A large number of embryoids 

and adventitious buds were produced and these were able to 

develop into normal plants. 

Pelargonium pith callus was cultured by Chen and 

Galston (1967) on a medium containing auxin and cytokinin. 

Cultured on semisolid medium for prolonged periods, such 

callus gave rise to nodules containing lignified cells. 

These nodules formed shoots and roots when cultured for one 

month in shaken liquid medium or for longer times on 

semisolid medium lacking both auxin and cytokinin. Entire 

plants were produced in this way from initial pith explants 

containing several hundred cells, 

Rao, Handro, and Harada (1973) studied some factors 

influencing bud and root formation, callus induction, and 

embryogenesis in stem and leaf cultures of Petunia inflata 

and Petunia hybrida on a synthetic medium. IAA caused 

limited callus development and root formation, whereas NAA 

induced abundant roots. They found that 2,4-D promoted 
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callus growth and differentiation of embryos which even

tually developed into plantlets, and cytokinins induced bud 

development. Kartha, Gamborg, and Constabel (1974) cultured 

internodal segments of rape plants Brassica napus L. in 

vitro producing shoots and roots on synthetic nutrient 

medium under controlled conditions. Benzyladenine alone 

induced multiple shoots formation on all stem explants. 

Roots were induced on shoots when recultured on nutrient 

medium supplemented with NAA or IAA. 

Effects of various auxins were studied on callus 

induction and organ differentiation from callus by Nishi, 

Yamada, and Takahashi (1973). Seeds, roots, shoots, anthers, 

and ovary of rice, Oryza sativa L., were used with 

success to induce callus formation in all tissues with 

NAA, IAA, and 2,4-D. Differentiation of roots and shoots 

was achieved by removing the auxin from the medium. 

Cytokinins were not necessary for the organ differentiation 

from this callus so they suggested that auxin is the only 

exogenous factor that determines differentiation in rice 

plant tissues cultured in vitro. 

Daikin, Langhans, and Earle (1976) reported that 

leaf pieces of double petunia Petunia hybrida Hort. placed 

on a Linsmaier and Skoog medium containing BA produced 

shoots after 4 weeks. These rooted within a week when the 

cut ends were dipped into a medium containing NAA and placed 

in a hormone free medium. Plantlets grew rapidly after 
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transfer to soil and had similar growth and flower type as 

the source clone. Large number of coffee organoids from 

callus cultures derived from leaf blade segments were pro

duced by Herman and Haas (1975). Organoids developed from 

callus grown on a modified Linsmaier and Skoog medium 

containing kinotin and 2,4-D consisted of rudimentary stems 

and leaves. Roots were formed and the organoids developed 

into coffee plants when they were transferred to a Grehoff-

Doy medium containing NAA but not kinetin. 

Pool and Powell (197 5) investigated the growth of 

excised grape shoots using aseptic cultures. Shoot 

development was observed only when cytokinins were present 

in the nutrient medium. Better response was obtained with 

cytokinin riboside than with free bases. Wang and Huang 

(1975) established callus cultures from roots, shoot tips, 

stem segments, leaves, and tuber tissues of potato infected 

with potato virus X. Roots developed in callus from all 

sources, but shoots developed only in callus from shoot and 

stem sections. Of 37 plants which originated from shoot 

tips, 17 were free of the virus. 

Gorter (1965) reported that aseptic culture of 

green shoot tips or etiolated bud cuttings of asparagus on 

Galston-Loo agar medium with NAA induced callus formation 

and root initiation. Continued aseptic culture in liquid 

medium without NAA led to root and shoot growth, and 
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development of a plant able to survive transfer and to 

continue growth in soil. 

Maximum initiation of buds from citrus stem explants 

grown in vitro on Murashige and Skoog medium was obtained by 

Grinblant (1972) when the medium contained BA, NAA, and malt 

extract. Roots were initiated in explants grown on basal 

medium supplemented with only NAA and malt extract, or in 

medium lacking growth regulators. Dutcher and Powell (1972) 

reported that axillary buds from apple shoots cultured 

aseptically in vitro readily developed into new shoots. 

Buds grown in stationary culture developed into shoots with 

small leaves and short internodes. The miniature condition 

appear to be due to inability of the rootless explants to 

absorb sufficient nutrients. When the buds were cultured 

in rotating culture where the developing leaves were bathed 

in nutrient solution, shoots of near normal size and 

appearance were produced. 

Mehra and Mehra (1974) studied the differentiation 

of callus from excised roots, hypocotyls, stems, shoot tips, 

and leaves of seedlings of almond, Prunus amygdalus, and the 

regeneration of normal diploid plants from the callus in 

vitro. They employed Murashige and Skoog medium supple

mented with coconut milk and NAA. 

Chaturverdi and Mitra (1974) reported that isolated 

stem and leaf callus tissue of Citrus sinensis L. in vitro 

produced shoot buds when treated with BA and NAA and roots 
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were formed when the explants were treated with NAA. The 

rooted shoots developed vigorous plants in potted soil. 

Meyer, Fuchigami, and Roberts (1975) reported that 

inflorescence slices of tall bearded iris (Iris sp,) 

regenerated callus in vitro on a modified Murashige and 

Skoog medium. Callus pieces transferred to light initiated 

plantlets at their periphery and produced flowering plants 

when transplanted to soil. 

Auxin and Growth 

It is nearly a century since Darwin (1897) first 

recognized that a transmitted stimulus was involved in 

phototropism; 48 years since Went (1928) gave auxin its 

name, and 42 years since Kogl and Kostermans (1934) purified 

auxin from plant materials, we still do not know how this 

plant hormone elicits its multitude of effects on plant 

growth and development. 

Heyn (1940) demonstrated that auxin has an effect on 

the cell wall, a fact which must still be uppermost in any 

hypothesis. The methylation of pectins in the wall received 

considerable attention for a time, and a role of auxin in 

wall synthesis and lignification has been suggested. 

Effects of auxin on water uptake and membrane permeability 

have generally been discounted as not being of primary 

importance, while various metabolic changes such as an 
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increase in respiration are probably secondary to the 

direct effects of auxin on growth. 

In a review on the mode of action of auxin on plant 

growth, Davies (1973) defined extension growth as an 

increase in size and fresh weight of the cells of the stem 

caused by cell elongation. Cleland (1967) and Masuda 

(1969) reported that auxin has been found to increase the 

plastic and elastic extensibility of the cell wall. In 

their studies plastic extensibility began to show an effect 

after 20 minutes of auxin treatment and reached a maximum 

in 90-120 minutes, and then remained constant for 24 hours. 

Elastic extensibility showed similar, though smaller 

changes, and was found to show an effect after about 10 

minutes. 

Auxin-induced cell growth is, however, considered to 

involve more than viscoelastic wall deformation. Cleland 

(1971) suggested that cell elongation, under the influence 

of auxin, requires a series of microscopic steps, each 

initiated by a cleavage in a cross-link in the cell wall, 

followed by viscoelastic extension. Auxin stimulates both 

the biochemical process within the wall and the ability of 

the wall to undergo creep. Furthermore, since viscoelastic 

extension is partly reversible while cell elongation is 

irreversible, the new elongation condition must be main

tained either by subsequent extension steps or biochemical 

modification of the cell. 
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Lockhart (1965) reported that a primary requirement 

for auxin action is the occurrence of metabolism. Although 

the primary wall is moderately elastic, in the absence of 

metabolic activity, no irreversible deformation occurs at 

stress equivalent to normal turgor. 

The idea of wall loosening followed later by the 

expansion of the wall, must now be discarded as the result 

of a re-analysis of the situation by Cleland and Rayle 

(1972). They suggested three possibilities which might 

explain why a tension is necessary for wall loosening: (1) 

the wall loosening sites may only be accessible when the 

wall is under tension; (2) in the presence of auxin the 

wall cross-links constantly break and reform, and this 

reformation will only be in a new elongated position if 

the wall is stretched; and (3) tension is required for the 

cleavage of the bonds. They tend to favor the last two 

alternatives but point out that they do not yet have the 

experimental evidence to be able to distinguish between 

them. In conclusion they state that auxin causes a bio

chemical change in the wall, probably by breaking or 

modifying the cross-links in the wall polysaccharides, and 

this is then translated into cell elongation by the turgor 

pressure of the cell. 

Davies (1973) reported if cross-links in the wall 

are metabolically broken under the influence of auxin, it 

would be logical to expect them to be broken by an enzyme. 
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This enzyme could be newly synthesized, or modified by the 

presence of auxin. Datko and Maclachlan (1968) showed that 

auxin increases RNA and protein synthesis and this is 

prevented by an anti-auxin which also inhibits auxin-

induced growth. Nooden (1968) found that auxin induced 

growth is prevented by inhibitors of RNA and protein 

synthesis, and that, in addition, there is a parallel 

between the inhibition of RNA and protein synthesis and that 

of stem elongation. 

Studying the changes in the levels of several 

gluconases and pectic enzymes under the influence of auxin, 

Datko and Maclachlan (1968) showed that all polysaccharide 

enzymes except amylase increase in response to auxin. 

While glucanase and pectinesterase increased, the amount 

was nevertheless similar or slightly less than the increase 

in total protein synthesis. Only cellulase was found in 

these experiments to exceed the general increase in protein 

synthesis. 

Pilet (1970) found that auxin increases the level of 

protein synthesis and of most enzymes studied, particularly 

cellulase. Auxin treated tissue also effected a reduction 

in the level of ribonuclease. Moreover, RNA from auxin 

treated tissue was found to be more resistant to ribonuclease 

than from non-treated tissue. 

Applications of B-l,3-glucanase by Yamamoto and 

Masuda (1971) induced stem and coleoptile elongation and 
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also cell wall extensibility. It caused a change in wall 

elasticity prior to a change in plasticity in a similar 

fashion to auxin. However combined with auxin no additive 

effect was obtained on cell elongation, indicating that both 

were probably acting on the same process. These results 

have led the workers to propose that auxin acts by 

increasing B-l,3-glucanase which break the cross-links 

within the cell wall causing cell extension. 

O'Brien et al. (1968) reported that chromatin from 

auxin treated tissue is more active in in vitro RNA synthesis 

than chromatin from untreated tissue; an effect that appeared 

to be due to an increase in DNA template availability. 

Matthyse (1970) suggested that the presence of auxin might 

be required for the binding of a protein factor to chromatin, 

but more recent experiments realized by Hardin et al. 

(.1972) have shown that such fractions have the ability to 

enhance solubilized RNA polymerase from soybean chromatin 

without added auxin. They suggested that the membranes 

contained an RNA polymerase enhancing factor, probably a 

protein, which was released by the auxin. 

It has been suggested recently that the action of 

several hormones is mediated by cyclic adenosine monophos

phate (cAMP), and auxin is not an exception. Cyclic 

adenosine monophosphate has been found to inhibit abcission 

(.Salomon and Mascarenhas, 1972) and also to enhance in 

vitro RNA synthesis by chromatin from oat coleoptiles when 
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the chromatin was isolated in the presence of cAMP. Both of 

these processes are affected in a similar fashion by auxin, 

though auxin is more effective on abscission than cAMP. In 

addition, auxin was found to increase the incorporation of 

adenine into cAMP in bengal seedlings and oat coleoptiles. 

Applied cAMP produced a small growth stimulation in these 

coleoptiles but much less than that produced by auxin. 

At least two stages in the mode of action of the 

auxin were recognized by Davies (1973). The first stage is 

a very rapid response in the growth of the stem or coleoptile 

cells. Because this immediate effect of auxin is too rapid 

to be explained by protein synthesis, the auxin must be 

acting on some preformed system. On the basis of current 

evidence, the most likely point of action is as an effector 

in the activation of an ATPase-proton pump located in the 

cell membrane. For a continued effect of auxin on growth, 

however, protein synthesis is required. Rapidly synthesized, 

these proteins are probably relatively unstable. Their 

nature is currently obscure, but it is possible that they 

are involved in some form of cell wall modification or 

synthesis to maintain the normal organization of the wall so 

that continued loosening can occur. 

Relatively high concentrations of auxin are known to 

induce cell differentiation; that is, formation of callus 

cells in higher plants and also in redifferentiation from 

callus to normal plant tissues (Yanagishima and Shimoda, 
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1973). Auxin is necessary for the elongation of root 

cells, and it may be stimulatory at concentrations which 

promote shoot growth (Scott, 1972). Auxin also regulates 

root growth by inhibiting the duration of cell elongation, 

and it may not be present as such in the root, but may exist 

as a complex or as a number of a group of other promoters 

and inhibitors. 

In studying the interaction between auxin and 

ethylene and its role in plant growth Burg and Burg (1966) 

showed that the inhibitory action of high concentrations is, 

in some cases, due to the auxin induced production of 

ethylene. 

Leopold and Kriedemann (197 5) reported that auxin is 

intimately involved in the catalysis of the cell enlargement 

in stems and coleoptiles. However, its role as a stimulant 

of growth in other organs such as roots and leaves is still 

uncertain. Auxin at various concentrations can signifi

cantly increase the elongation of intact and isolated roots 

segments maintained cultured in vitro (Burstrom, 1969). 

Isolated or intact roots whose growth was inhibited by 

synthetic and natural inhibitors may undergo growth recovery 

as a result of auxin application. 

Cytokinins and Cell Division 

Wiesner (1892) suggested the presence of a chemical 

regulator in plants to control cell division, and Haberlandt 
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CI913) found that diffusates from phloem tissues could 

induce cell division in potato parenchyma. Using modern 

tissue culture techniques, Jablonski and Skoog (1954) 

essentially repeated Haberlandt experiment and added the 

evidence for a substance regulating division by showing 

that a piece of vascular tissue can bring about division in 

the pith cells, which otherwise do not divide, 

In 1955, Miller et al. separated from herring sperm 

DNA, the first known stimulant of cell division, which they 

named kinetin and identified as 6-furfurylaminopurine. 

However, later work revealed that kinetin is probably not a 

natural component of plant. Letham (1963) identified the 

first cytokinin in plants from corn seeds and it was named 

zeatin. 

Skoog, Strong, and Miller (1965) suggested that the 

term cytokinin has been accepted as a generic name for 

substances which promote cell division and exert other 

growth regulatory functions in the same manner as kinetin. 

They reported that cytokinins play a role in all phases 

of plant development, from cell division and enlargement to 

the formation of flowers and fruits. They affect metabolism, 

including the activities of enzymes and the biosynthesis of 

growth factors. They influence the appearance of organells 

and the flow of assimilates and nutrients through the plant. 

They enhance the plant resistance to aging and to adverse 

environments, These diverse effects presumably stem from 
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some primary anabolic function of cytokinin which still 

remains to be elucidated. 

Studies with tobacco pith tissue showed that a 

proportion of tetraploid cells present would be stimulated 

by kinetin treatment to enter mitosis and undergo cytokinesis 

without incorporation of thymidine. Thus the effect of 

kinetin on cell division was not always associated with DNA 

synthesis (Patau and Das, 1961). In Lemna minor cultures, 

kinetin reverses the effect of abscisic acid in inhibiting 

growth and nucleic acid synthesis. DNA synthesis in 

response to these growth substances appears to be more rapid 

than RNA synthesis (van Overbeek, Loeffler, and Mason, 1967). 

Effects of cytokinins on RNA and protein synthesis 

in isolated cell organelles have been reported by 

Bhattacharyya and Roy (1969), but have not yet been 

analyzed in depth. When a preparation of nuclei separated 

from coconut milk was incubated in the presence of kinetin 

the nuclei showed an increased incorporation of labeled 

precursors into RNA and protein (Datta and Sen, 1965). 

Cytokinins have been shown to influence the forma

tion of a number of specific enzymes activities. Mann, 

Steinhart, and Nudd (1963) found that cytokinins increased 

the tyramine methylpherase activity in roots of germinating 

barley embryos, and this appears to involve de novo 

synthesis. Activities of other enzymes tested were un

affected by kinetin treatment. They concluded that the 
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selective action on methylpherase most likely is related to 

the developmental stage of the seedling material and not to 

a special affinity of cytokinins for the enzyme. 

The growth of tobacco callus tissue normally 

depends on exogenous sources of thiamine, auxins, and 

cytokinins. In the presence of high cytokinins concentra

tions, growth takes place in the absence of exogenous 

thiamine (Linsmaier and Skoog, 1966). Evidence was obtained 

that this effect is due to activation of thiamine bio

synthesis and represents de novo synthesis. High concentra

tions of cytokinins also induce auxin biosynthesis in 

tobacco tissue culture, and this induction is accompanied 

by bud formation. 

It has been proposed by Digby and Skoog (1966) that 

the striking action of cytokinins in inducing organ forma

tion and in removing apical dominance is due to the promo

tion of biosynthesis of factors which normally only are 

produced in adequate amounts in active meristems. Wollgiehn 

(1961), Parthier (1961), and Burdett and Wareing (1968) 

reported that the maintenance of RNA and protein levels in 

detached leaf tissue treated with cytokinins is associated 

with a stimulation of RNA and protein synthesis. Cytokinins 

treatment also prevents a rise in nuclease and protease 

activities in senescing leaf tissue (Anderson and Rowan, 

1966), and in this way presumably prevents degradation as 

well as stimulates synthesis of macromolecules. 
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Richmond and Lang (1957) reported that cytokinins 

can slow down senescence in certain detached leaves and this 

slow down is associated with the maintenance of protein and 

chlorophyll contents. Uptake and retention of low molecular 

weight metabolites is also promoted by cytokinins (Mothes, 

Engelbrecht, and Schutte, 1961), and the increased accumula

tion of the nonprotein amino acid in the presence of 

cytokinins has been cited as evidence for a direct effect 

on accumulation. The observation could also be explained 

by an effect of cytokinins on the synthesis of proteins 

that function in uptake and accumulation. Although it is 

still uncertain which, if any, of these effects is more 

closely related to the primary mode of action of cytokinins 

in retarding senescence, the evidence available at this time 

probably favors a more direct effect of cytokinins on 

synthesis than on uptake or prevention of degradation. 

Wheeler (1971) reported that the process of 

senescence seems to be associated with lower levels of 

observable cytokinin activity. The detached leaves of bean 

plants containing petioles generate adventitious roots when 

placed in an appropriate solution. The formation of roots 

from the petioles delays death of the leaf, but there is no 

need for the roots if the petioles has a callus. The 

interpretation is that either the developing roots or the 

callus produce cytokinins that help to maintain integrity of 

the biochemical processes of the leaf. 
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Gefter and Russel (1969) suggested that cytokinins 

may have an important regulatory role in protein synthesis. 

Anderson and Cherry (1969) have reported that cytokinins 

induced changes in the abundance of a particular tRNA 

species in soybean hypocotyls and cotyledons. Treatment of 

these tissues with 6-benzylaminopurine resulted in increased 

leu levels of two RNA species. 

Skoog and Armstrong (1970) reported that the 

identification of cytokinins as constituents of tRNA has not 

resulted in immediate clarification of the mechanism of 

cytokinins action. However as a hopeful approach to this 

problem, it is now possible to visualize the effects of 

cytokinins on plant growth and morphogenesis as the ultimate 

expression of changes in the relative rates of protein 

biosynthesis brought about by hormonal control of the 

synthesis and function of particular tRNA species. 

Cytokinins do not act alone, and there is evidence 

for many elements in the system for control of growth and 

differentiation (Steward and Rao, 1970). They studied the 

effects of various exogenous growth regulators and nutrients 

on cultured explants of Daucus carota L. They concluded 

that when the quiescent cells with their endogenous endow

ment of growth factors and nutrients receive the appropriate 

external stimuli, the cells can then make use of available 

nutrients from both internal and external sources. The 

interaction of numerous factors in the growth control system 
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means that, in any experimental system, most of the factors 

will already be present in the tissue and hence invisible 

to the experimenter. 

Jordan and Skoog (1971) showed that in tobacco 

tissue cultures which normally require exogenous cytokinins 

and auxin for growth, sufficient auxin for growth will be 

synthesized in the presence of high levels of cytokinins. 

The relationship of cytokinin and auxin has been investi

gated by Went (19 43) who showed that tomato shoots growth 

is dependent upon hormone-like substances furnished by the 

root. Mothes and Engelbrecht (1963) showed that substances 

obtained from roots maintained chlorophyll, protein, and 

RNA levels in leaves, and that this activity could be 

replaced by cytokinins. Such observations led these workers 

and others (Kende, 1965; Kulajewa, 1962) to the conclusion 

that the roots supplied cytokinins needed for growth of the 

shoot. The apical region of the shoot synthesizes auxin, 

so the results suggest an interaction between auxin and 

cytokinins in the development of the shoot. 

The inhibiting effect of kinetin on virus production 

reported by Kiraly and Pozsar (1964) is of special interest 

with reference to the low content or absence of virus in 

terminal meristems of infected plants. This fact has been 

utilized in the development of virus-free strains by 

culturing either excised apices or buds derived from callus 

into new plants. 



CHAPTER 3 

MATERIALS AND METHODS 

Experiment I 

Two year old stock plants of jojoba growing in 2 

gallon plastic pots in a thermostatically controlled green

house on The University of Arizona campus were employed as 

source of explants. 

In June, 1975, selected shoot cuttings approximately 

10 cm long were excised from the plants and promptly placed 

in beakers of distilled water. The shoot tips were excised 

from the shoot cuttings in the laboratory and prepared under 

a binocular microscope. The shoot tips obtained were 

approximately 1 to 3 mm long, and averaged 1.5 mg fresh 

weight. Each shoot tip consisted of the meristem dome 

surrounded by 1 to 2 pairs of the youngest leaf primordia. 

Excised explants were transferred to glass petri dishes 

and sterilized for 15 minutes in a 0.5% sodium hypochlorite 

(10% clorox solution) with 0.2% Tween 20 to enhance spread 

of the disinfectant. The explants were rinsed 3 times with 

autoclaved distilled water in petri dishes, and left in the 

third rinse until they were used within a two hour period. 

32 
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Using a glass transfer chamber, the explants were 

aseptically transferred to the modified Murashige and Skoog 

(1962) nutrient medium shown in Table 1. 

Cytokinin in the form of furfuryl adenine (kinetin) 

and auxin in the form of naphthaleneacetic acid (NAA) were 

added to the nutrient medium individually or in various 

combinations. The kinetin concentrations were: 0.00, 0.25, 

0.50, 1.00, 2.00, 3.00, 4.00, 5.00, 6.00, and 7.00 mg/1. 

For naphthaleneacetic acid the concentrations were: 0.00, 

0.25, 0.50, 0.75, 1.00, 3.00, 5.00, 10.00, 15.00, and 20.00 

mg/1. 

All media were adjusted to pH 5.6-5.8 with addition 

of few drops of NaOH and/or HC1 prior to Bacto Agar addition 

and autoclaving. The medium was distributed in aliquots of 

25 ml into pyrex culture tubes of 25 x 15 0 mm. Polypropylene 

tube closures were used, and sterilization was completed by 

autoclaving the tubes containing the nutrient medium and 

agar at 15 psi pressure at 120 C for 20 minutes. 

Each treatment contained ten replicates, and each 

tube of culture was innoculated under strictly aseptic 

conditions with one jojoba explant, positioned so that the 

explants were seated in solid medium, but not covered by 

it. 

Tubes were placed in a growth chamber adjusted to 

furnish 16 hours of light and 8 hours darkness per day. The 

light intensity was regulated to 200 foot candles at the 
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Table 1. Composition of the modified Murashige and Skoog 
nutrient medium. 

Major elements - Minor elements 

Salts mg/1 Salts mg/1 

NH4N03 1/650 H3BO3 6.2 

kno3 1/900 MnS04 22.3 

CaCl2* 2H20 440 ZnS04*4H20 8.6 

MgS04* 7H20 370 KI 0.9 

kh2po4 170 NaMo04 0.3 

Na2EDTAa 37.3 CuS04-5H20 0.03 

FeS04a 27.8 CoCl2-6H20 0. 03 

Organic Constituents 

Sucrose 50 g/i Bacto Agar 10 g/1 
Edamin 1 g/1 Myo-inositol 100 mg/1 
Glycine 2 mg/1 Nicotinic acid 0.5 mg/1 
Pyridoxin 0.5 mg/1 Thiamin*HC1 0.1 mg/1 
Polyvinylpyrrol i- Casein Hydrolisate 1 g/1 
done 5 g/i Cytidilic Acid 100 mg/1 
Guanilic Acid 100 mg/1 L - Asparagine 500 mg/1 
L - Glutamine 500 mg/1 

a 

A stock solution was prepared containing 5.57 g of 
FeS04*7H20 and 7.45 g of Na2~EDTA per liter of distilled 
water. Five ml/1 of this stock solution was used to 
nutrient medium. 
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explant level. Day temperature was maintained at 27 C, and 

night temperature at 25 C. The relative humidity inside the 

growth chamber was approximately 75%. 

Tubes were cultured under these conditions for 6 0 

days, and weekly development was observed, and data were 

recorded. All contaminated tubes were replaced not later 

than 1 week after the appearance of contamination. For the 

growth rate study, fresh weight of the explant at the start 

of the experiment was determined by weighing the tube with 

the autoclaved nutrient medium and then reweighing it 

immediately after planting the explant. The difference in 

weight gave the fresh weight of the explants. At the 

termination of the experiment the explants were removed from 

the culture tubes, all agar was removed and the explants 

weighed. The number of tubes with either only callus; 

callus and roots; callus and leaves; and callus, shoots, and 

leaf differentiation were counted to determine the type of 

differentiation of the explant. 

The data were statistically treated by analysis of 

variance and by linear and quadratic regression. 

Experiment II 

After the evaluation of the tubes cultured for 60 

days, the four best explants from each treatment were 

selected and were transplanted aseptically in the transfer 

chamber to 125 ml Erlenmeyer flasks containing 50 ml of 
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fresh nutrient medium and cultured for 90 days. The 

chemical composition of the nutrient medium was the same 

as presented in Table 1. The kinetin and naphthaleneacetic 

acid concentrations were the same as presented in the 

Experiment I and the pH was adjusted to 5.6-5.8. Flasks 

and nutrient medium with agar, closed with polypropylene 

closures were autoclaved for 20 minutes at 15 psi pressure 

at 120 C. 

Each treatment contained four replicates and was 

placed in a growth chamber with 16 hours of light and 8 

hours of darkness per day. The light intensity was about 

2 00 foot-candles at the explant level. Day temperature was 

regulated at 27 C, while night temperature was maintained 

at 25 C. The relative humidity was about 75%. 

Development of the explants was observed weekly. 

At the termination of the experiment to determine the growth 

rate, the explants were taken out of the culture flasks, all 

agar was removed and the explant weighed, and the number of 

flasks with only callus; callus and roots; callus and leaves; 

and callus, shoots, and leaf differentiation were counted. 

The data were statistically treated by analysis of 

variance and by linear and quadratic regression. 



CHAPTER 4 

RESULTS 

Experiment I 

Percentage of Living Explants 

After 60 days in the culture medium, 81.60% of the 

jojoba explants were living, indicating that addition of 

kinetin and naphthaleneacetic acid levels alone or in 

combinations affected the number of explants that survived. 

The number of living explants cultured at different 

levels of kinetin and naphthaleneacetic acid is presented 

in Table 2. Only 4 explants survived in cultures containing 

no cytokinin or auxin, but when kinetin was applied at 

0.25 mg/1 doubled the number of living explants. Increase 

of kinetin levels alone up to 5 mg/1 resulted in higher 

percentage of living explants. 

Naphthaleneacetic acid applied in the absence of 

kinetin at 1.00 mg/1 resulted in the highest percentage of 

living explants, but when this level was decreased or 

increased the number of living explants decreased. At 

0.25 mg/1 of naphthaleneacetic acid the percentage of dead 

explants was the same as in the absence of this growth 

regulator. 
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Table 2. Number of tubes with living explants after 60 days in the culture medium 
with different levels of kinetin and naphthaleneacetic acid, from 1,000 
tubes, 10 tubes per treatment, one explant per tube. 

Naphthaleneacetic acid mg/l 

letin mg/l 0.00 0.25 0.50 0.75 1.00 3.00 5.00 10.00 15.00 20.00 Total 

0.00 4 4 6 7 9 8 6 6 6 5 61 

0.25 8 9 8 9 8 8 8 8 8 7 81 

0. 50 10 8 8 8 8 8 9 7 8 8 82 

1.00 9 8 9 9 9 8 9 9 8 6 84 

2. 00 10 10 10 10 9 9 10 10 8 7 93 

3. 00 9 10 10 10 9 9 9 8 8 6 88 

4, 00 10 10 10 9 9 8 9 7 8 7 87 

5. 00 10 9 8 9 8 9 9 7 7 7 83 

6. 00 8 10 10 10 8 8 9 6 6 6 81 

7.00 9 9 10 9 8 8 6 6 6 5 76 

Total 87 87 89 90 85 83 84 74 73 64 816 
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Kinetin levels between 0.50 to 6.00 mg/1 in 

combinations with 0.50 to 5.00 mg/1 of naphthaleneacetic 

acid resulted in high rates of living explants, but the 

best combination was at 2.00 mg/1 of kinetin with 0.75 mg/1 

of naphthaleneacetic acid. 

Figure 1 shows the percentage of living explants 

cultured with different combinations of kinetin and 

naphthaleneacetic acid levels. 

Seven per cent of the tubes were contaminated. All 

contaminated tubes were replaced within one week. 

Fresh Weight of the Living Explants 

The average fresh weights of the living explants 

treated with different levels of kinetin and naphthalene

acetic acid are presented in Table 3, 

The lowest average weight was obtained in the 

treatment without the addition of kinetin and naphthalene

acetic acid to the nutrient medium, although some growth 

was observed. When only kinetin was applied to the nutrient 

medium; growth was increased up to 6.00 mg/1 of kinetin, 

but above this concentration slight decrease in weight was 

observed. These observations are illustrated graphically 

in Figure 2. 

Tissues treated with naphthaneneacetic acid at low 

concentrations showed a very high increase in weight and 

reached greater total fresh weight than those treated with 
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Figure 1. Percentage of tubes with living explants after 
60 days in the culture medium containing differ
ent levels of kinetin and NAA — Combinations of 
kinetin and NAA found in the area bounded by 90% 
line and the ordinate yielded 90% or more living 
explants; combinations of growth regulators in 
the area bounded by 8 0 to 90% lines showed 8 0 to 
90% living explants; combinations of kinetin and 
NAA in the area bounded by 65 to 80% lines 
showed 65 to 80% living explants; and combina
tions using higher levels of these substances to 
the right of the 65% line yielded 65% or less of 
living explants. Explants were cultured as 
outlined in Materials and Methods. 



Table 3. Average fresh weight (mg) of the living explants after 60 days in the 
culture medium with different levels of kinetin and naphthaleneacetic 
acid, 10 tubes per treatment, one explant per tube. 

Naphthaleneacetic  acid mg/1 

Average 
Kinetin mg/1 0 .00 0.25 0.50 0.75 1.00 3.00 5.00 10.00 15.00 20.00 weight  

0 .00 38.  75 57.  75 83.  16 103.  00 108.  44 117.  87 111.  50 109.  00 100 .66 99.  ,80 92.  99 

0 .25 52.  12 65.  22 85.  25 105.  22 130.  00 124.  12 113.  62 109.  37 103 .75 97,  .42 98.  61 

0 .50 54.  30 91.  62 99.  62 114.  37 137.  12 120.  87 111.  22 111.  28 104 .87 100 .87 104.  61 

1-00 66.  55 98.  62 106.  11 133.  55 182.  55 144.  75 129.  22 118.  55 106 .87 102 .83 118.  96 

2 .00 79.  90 99.  70 114.  20 154.  00 204.  33 157.  33 133.  60 118.  50 109 .25 107 .42 127.  82 

3 .00 91.  88 100.  20 130.  30 209.  20 240.  88 230.  22 152.  55 139.  25 118 .25 110 .16 152.  29 

O
 

o
 

94 .  90 119.  60 150.  80 173.  33 229.  44 230.  87 158.  22 142.  57 101 .25 101 .85 150.  28 

5 .00 97.  60 109.  11 114.  62 133.  11 163.  62 156.  .44 136.  33 106.  57 101 .28 99 .00 121.  77 

6 .00 97,  62 98.  10 98.  20 108.  60 162.  62 118.  .87 103.  77 98.  66 98 .50 100 .00 108.  49 

7 .00 97.  22 97.  33 97.  50 102.  33 131.  00 125.  00 101.  33 94.  83 94 .00 92 .00 103.  25 

Average 
weight  77.  ,08 93.  .72 107.  .98 133.  67 169.  .00 152.  ,63 125.  13 114.  S6 103 .87 101 .13 117.  90 
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Figure 2. Effect of kinetin on average fresh weight of the 
living explants after 60 days in the culture 
medium at zero level of naphthaleneacetic acid — 
Explants were cultured as outlined in Materials 
and Methods. 
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kinetin. The weight began to increase with the addition 

of 0.25 mg/1 of naphthaleneacetic acid up to 3.00 mg/1. 

Concentrations of naphthaleneacetic acid higher than 3.00 

mg/1 decreased the average fresh weight of the explants, 

but even at concentrations of 2 0.00 mg/1 the fresh weight 

was higher than those explants not treated with this growth 

regulator. 

These observations can be visualized in Figure 3. 

Shoot tips treated with combinations of cytokinin 

and auxin produced heavier tissues than those shoot tips 

treated with each of the growth regulators separately. The 

highest weight was obtained from shoot tips treated with 

3.00 mg/1 of kinetin and 1.00 mg/1 of naphthaleneacetic 

acid. 

Independent of the naphthaleneacetic acid levels, the 

fresh weight increased when the explants were treated with 

0.25 mg/1 of kinetin up to 3.00 mg/1. Above this concentra

tion, the fresh weight began to decrease. At the highest 

kinetin level the fresh weight was greater than in the 

absence of kinetin. The effect of kinetin on fresh weight 

at all levels of naphthaleneacetic acid is shown in 

Figure 4. 

Independent of the kinetin levels, naphthaleneacetic 

acid, even in low concentrations resulted in pronounced 

increases in weight until a level of 1.00 mg/1 was reached. 

Above 1.00 mg/1 growth decreased slightly until a level of 
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Figure 3. Effect of NAA on average fresh weight of the 
living explants after 60 days in the culture 
medium at zero level of kinetin — Explants 
were cultured as outlined in Materials and 
Methods. 
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Figure 4. Effect of kinetin levels on average fresh weight 
of the living explants cultured for 6 0 days --
Data were averaged from all treatments 
receiving from 0 to 20 mg/l of naphthaleneacetic 
acid. Explants were cultured as outlined in 
Materials and Methods. 
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5.00 mg/1. At the highest levels of haphthaleneacetic acid 

growth was greatly decreased. Even at the highest level, 

the fresh weight was higher than in the absence of 

naphthaleneacetic acid. The effect of naphthaleneacetic 

acid on fresh weight at all levels of kinetin is shown in 

Figure 5. 

Distribution of the fresh weight of the living 

explants is presented in Figure 6. The heaviest explants 

were found when the shoot tips were treated with 2.00 to 

4.00 mg/1 of kinetin in combinations with 0.75 to 5.00 

mg/1 of naphthaleneacetic acid. Combinations of higher or 

lower kinetin and naphthaleneacetic acid levels decreased 

the average fresh weight of the explants. 

The data were transformed to logarithmic form for 

statistical analysis. Analysis of variance conducted for 

logarithmic weights of the alive explants showed highly 

significant differences for kinetin treatments, naphthalene

acetic acid treatments, and for interactions between kinetin 

and naphthaleneacetic acid (Table 4). 

Data were analyzed by linear and quadratic regres

sion to determine the degree of association between kinetin 

and naphthaleneacetic acid levels (Table 5). Regression 

coefficients for logarithmic weight on naphthaleneacetic 

acid of the alive explants at each kinetin level showed 

significant differences and positive regression coefficients 

up to the level of 5.00 mg/1 of kinetin. Concentrations of 
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Figure 5. Effect of NAA levels on average fresh weight of 
the living explants cultured for 60 days -r-

Data were averaged from all treatments 
receiving from 0 to 7.0 mg/1 of kinetin. 
Explants were cultured as outlied in Materials 
and Methods. 
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Figure 6. Distribution of the fresh weight (rng) of the 
living explants after 60 days in the culture 
medium containing different levels of kinetin 
and NAA -- Combinations of kinetin and NAA 
found in the area bounded by 150 line and the 
ordinate yielded explants equal or heavier than 
150 mg; combinations of growth regulators in 
the area bounded by 125 to 150 lines yielded 
explants with 125 to 150 mg; combinations of 
kinetin and NAA in the area bounded by 100 to 
125 lines yield explants with 100 to 125 mg; 
and combinations using higher levels of these 
substances to the right of the 100 lines yielded 
explants with less than 100 mg of fresh weight. 
Explants were cultured as outlined in Materials 
and Methods. 
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Table 4. Analysis of variance for logarithmic weight of the 
living explants for kinetin and naphthaleneacetic 
acid after 60 days in the culture medium. 

Source of variation 
Degrees of 
freedom 

Mean 
square F 

Kinetin 9 2.143 85. 155** 

Naphthaleneacetic acid 9 4.389 174. 426** 

Kinetin x Naphthaleneacetic 
acid 81 0.152 6. 043** 

Residual 716 0. 025 

Total 815 0.108 

**Significant at 1% probability level. 



50 

Table 5. Linear and quadratic regression coefficients and 
coefficients of determination {R ) for the 
regression of logarithmic weight on naphthalene-
acetic acid of the living explants at each kinetin 
level after 60 days in the culture medium. 

Levels of Regression coefficients 
kinetin ^ 
mg/1 Linear Quadratic R 

0. 00 0.29495 * * -0.19708** 0.20192 

0, 25 0.28173 + * -0.19396** 0.22955 

0. 50 0.20476 ** -0.14699** 0.13731 

1. 00 0.09874 n. s. -0.12663** 0.07994 

2. 00 0.05021 n. s. -0.09679** 0.06328 

3. 00 0.06871 n. s. -0.16251** 0.12585 

4. 00 0.02542 n. s. -0.15995** 0.21939 

5. 00 0.00983 n. s. -0.08415* 0.13694 

6. 00 -0.02522 n. s. -0.01224 n.s. 0.03266 

7. 00 -0.01122 n. s. -0.03855 n.s. 0.06950 

*Significant at 5% probability level. 

••Significant at 1% probability level. 
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6.00 and 7.00 mg/1 of kinetin showed no significant differ

ence between treatments. The highest coefficient of 

determination was found at 0.25 mg/1 of kinetin. Above 

this concentration it decreased up to 2,00 mg/1. At con

centrations of 3.00 and 4.00 mg/1 of kinetin, there were 

slight increases, but a decrease at concentrations higher 

than 4.00 mg/1 of kinetin was observed. 

Regression coefficients for logarithm weight on 

kinetin of alive explants at each naphthaleneacetic acid 

concentration showed significant differences at whole levels 

of naphthaleneacetic acid and positive regression coeffi

cients between zero level up to 5.00 mg/1. The highest 

coefficient of determination was observed at zero level of 

naphthaleneacetic acid. At concentration of 0.25 mg/1 

there was a decrease in the coefficient of determination 

but it presented a slight increase at concentrations of 

0.50 and 0.75 mg/1 of naphthaleneacetic acid. Concentra

tions higher than 0.75 mg/1 of naphthaleneacetic acid 

decreased the coefficient of determination. Linear and 

quadratic regression coefficients and coefficients of 

determination at each naphthaleneacetic acid is shown in 

Table 6. 

Analysis of the linear and quadratic regression of 

the logarithm weight on different levels of kinetin and 

naphthaleneacetic acid of the living explants showed highly 

significant differences between kinetin treatment levels, 
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Table 6. Linear and quadratic regression coefficients and 
coefficients of determination (R ) for the 
regression of logarithmic weight on kinetin of the 
living explants at each naphthaleneacetic acid 
level after 60 days in the culture medium. 

Levels of 
NAA 
mg/1 

Regression coefficients Levels of 
NAA 
mg/1 Linear Quadratic R2 

0.00 0.32154** -0.19254** 0. 72472 

0.25 0.16955** -0.17096** 0. 43606 

0. 50 0.10980** -0.20659** 0. 53318 

0.75 0.08200** -0.30982** 0. 60459 

1. 00 0.13630** -0.32934** 0. 59391 

3.00 0,10402** -0.29501** 0. 53016 

5.00 0,03348 n. s. -0.19290** 0. 37849 

10. 00 -0.00104 n. s. -0.13779** 0. 27292 

15.00 -0.01032 n. s. -0.05830* 0. 07340 

20. 00 -0,00550 n. s. -0.05629* 0. 14580 

*Significant at 5% probability level. 

**Significant at 1% probability level. 
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naphthaleneacetic acid treatment levels, and in the inter

action between kinetin and naphthaleneacetic acid treatment 

levels (Table 7). 

Callus Differentiation 

Growth of the explants on the basal nutrient medium 

was very slow for the first 21 days of culture. The first 

differentiation of the explant into callus, and very intense 

proliferation of cells on the cut surface of the explant 

were observed after 21 days. After 60 days in the culture 

media 75.5% of the explants resulted in some kind of 

differentiation. The degree of differentiation was 

dependent on the levels of kinetin and naphthaleneacetic 

acid separately or in combination. The number of tubes 

with callus differentiation is presented in Table 8. 

The highest number of tubes with callus differentia

tion when kinetin was applied without addition of 

naphthaleneacetic acid were observed at levels of 4.00 and 

5,00 mg/1, lower or higher concentrations decreased the 

number of tubes with callus differentiation. When 

naphthaleneacetic acid was applied separately the greatest 

number of tubes with callus formation was observed in the 
I i 

treatments with 1.00 and 3.00 mg/1. Explants not treated 
j 

with kinetin or naphthaleneacetic acid or treated only with 

0.25 mg/1 of naphthaleneacetic acid did not form callus. 
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Table 7. Linear and quadratic regression coefficients and 
coefficient of determination (R^) for the 
regression of logarithmic weight on kinetin and 
naphthaleneacetic acid levels of the living 
explants after 60 days in the culture medium. 

Regression coefficients 

Variables Linear Quadratic 

Kinetin .08812** -.19417** 

Naphthaleneacetic acid .09160** -.12103** 

Kinetin x NAA .05388** 

Coefficient of determination .26056 

••Significant at 1% probability level. 



Table 8. Number of tubes with callus differentiation, after 60 days in the 
culture medium with different levels of kinetin and naphthaleneacetic 
acid, from 1,000 tubes, 10 tubes per treatment, one explant per tube. 

Naphthaleneacetic acid mg/l 

letin mg/l 0. 00 0.25 0.50 0.75 i—
1 • o
 
o
 

3.00 5.00 10.00 15.00 20.00 Total 

0.00 0 0 4 7 8 8 7 6 7 6 53 

0.25 3 4 6 6 8 8 9 8 8 7 67 

0, 50 3 4 6 8 8 8 9 8 8 8 70 

1.00 4 5 9 9 9 8 9 9 8 6 76 

2.00 4 8 9 9 10 9 9 9 8 7 82 

3, 0Q 5 7 9 10 10 10 8 8 8 8 83 

« o
 
o
 

7 9 10 10 10 10 10 8 9 7 90 

5. 00 7 8 10 9 10 9 9 7 7 7 83 

6,00 6 8 9 9 9 9 9 7 6 6 78 

7. 00 6 8 8 8 10 7 7 6 6 6 73 

Total 45 61 80 85 92 87 86 76 75 68 755 
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When kinetin was applied in combination with 

naphthaleneacetic acid to the nutrient medium, several 

treatments resulted in 100% callus formation. However, the 

best results on number of tubes with callus induction were 

observed at 4.00 mg/1 of kinetin and 1.00 mg/1 of 

naphthaleneacetic acid. 

Explants treated with kinetin without naphthalene

acetic acid produced firm, white to green colored callus, 

while the explants treated only with naphthaleneacetic acid 

were friable and yellowish in color. At high naphthalene

acetic acid levels with or without the addition of kinetin, 

the callus often turned dark brown and the edge frequently 

became necrotic. In some cases, necrotic callus formed new 

colonies of cells that grew from the periphery of the 

necrotic tissue, producing white to yellowish colored new 

tissues. 

The percentage of explants that produced callus, and 

the color of the callus seemed to be regulated by the inter

action of kinetin and naphthaleneacetic acid, Independently 

of the leveils of kinetin and naphthaleneacetic acid, 

separately or in combinations, the callus formed did not 

present a defined shape or polarity. 

Callus and Root Differentiation 

First root differentiation appeared at the edge or 

on the surface of the callus after 30 days in the culture 



57 

medium. After 60 days in the culture medium 4.9% of the 

explants formed white roots containing many root hairs and 

dark root caps. The greatest length of the roots was 

approximately 6 mm. The number of roots per explant was 

between 1 to 5 and in most of the cases geotropism was 

negative. 

As shown in Table 9, root differentiation depended 

on the concentrations of kinetin and naphthaleneacetic acid 

separately or in combination. In the absence of naphthalene 

acetic acid none of the levels of kinetin induced root 

formation, but when naphthaleneacetic acid was applied to 

the nutrient medium without the presence of kinetin, some 

roots were formed in the treatments with 1,00, 3.00, and 

5.00 mg/1. 

Concentrations of naphthaleneacetic acid of 0.25 

and 0.50 mg/1 even in combination with different levels of 

kinetin did not induce root formation, but when naphthalene

acetic acid levels were increased even in the absence of 

kinetin, root formation was induced. 

The greatest number of roots were formed at the 

levels of 0.75 and 1.00 mg/1 of maphthaleneacetic acid in 

combination with different levels of kinetin, but the best 

combination for root formation was observed when the 

explants were treated with 3.00 mg/1 of kinetin and 0.75 

mg/1 of naphthaleneacetic acid. 



Table 9. Number of tubes with callus and root differentiation, after 60 days in 
the culture medium with different levels of kinetin and naphthalene-
acetic acid, from 1,000 tubes, 10 tubes per treatment, one explant per 
tube. 

Naphthaleneacetic acid mg/1 

Kinetin mg/1 0.00 0.25 0.50 0.75 1.00 3.00 5.00 10.00 15.00 20.00 Total 

0.00 — -- 2 1 1 — — — 4 

0.25 — — — 1 1 2 — — 1 5 

0.50 — — — 2 1 1 — — 4 

1.00 ______ 2 1 1 — 1 1 6 

2,00 ______ i 2 1 1 — — 5 

3.00 — 3 2 1 1 1 -- — 8 

4.00 — 2 — 1 — 1 1 -- 5 

5.00 — — -- -- 2 — — 2 4 

6.00 — — 3 1 — 1 1 1 7 

7,00 — — — -- — — — — — i i 

Total — — — 12 12 7 6 5 3 4 49 
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Concentrations of naphthaleneacetic acid higher than 

1.00 mg/1 resulted in a marked decrease of the number of 

explants with root differentiation. 

Callus and Leaf Differentiation 

The first callus and leaf differentiation became 

clearly visible on many of the explants cultured for 21 

days. Most of these organoids consisted of two small green 

leaves on the callus, A total of 14.8% of the shoot tips 

were induced to form these organoids, but they failed to 

form roots on the medium. 

The number of explants with callus and leaf differ

entiation treated with different levels of kinetin and 

naphthaleneacetic acid is shown in Table 10. 

Naphthaleneacetic acid applied at all levels 

without the presence of kinetin was not effective for 

inducing leaf differentiation and this also occurred to 

explants not treated with kinetin and naphthaleneacetic 

acid. Shoot tips treated with kinetin even in the absence 

of naphthaleneacetic acid produced leaves in all concentra

tions, Kinetin in combination with low levels of 

naphthaleneacetic acid resulted in a higher number of tubes 

with leaf differentiation than when applied alone. 

The greatest number of callus with leaf differentia

tion was observed when the explants were treated with 3.00 



Table 10. Number of tubes with callus and leaf differentiation, after 60 days in 
the culture medium with different levels of kinetin and naphthalene-
acetic acid, from 1,000 tubes, 10 tubes per treatment, one explant per 
tube, 

Naphthaleneacetic acid mg/1 

Kinetin mg/1 0.00 0.25 0.50 0.75 1.00 3.00 5.00 10.00 15.00 20.00 Total 

o
 
o
 • 

o
 

0.25 2 1 1 1 1 1 — 2 — — 9 

0. 50 2 2 2 1 1 1 2 — — — 11 

1. 00 2 1 2 2 2 2 1 1 1 — 14 

2. 00 2 3 2 4 2 5 — — 1 — 19 

3, 00 3 4 3 3 3 3 4 1 — 1 25 

o
 
o
 • 3 3 4 2 2 2 2 1 1 1 21 

5. 00 2 3 3 2 1 1 2 1 1 — 16 

6.00 2 3 1 2 3 2 — 2 1 1 17 

7.00 1 2 2 2 2 1 2 1 1 2 16 

Total 19 22 20 19 17 18 13 9 6 5 148 
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mg/1 of kinetin in combination with 0.2 5 mg/1 of naphthalene-

acetic acid. 

When naphthaleneacetic acid concentrations were 

higher than 0.25 mg/1, even in combinations with kinetin, 

the number of tubes with leaf differentiation decreased, 

but at concentrations higher than 5,00 mg/1 the decline was 

very marked. 

Kinetin at a level of 3.00 mg/1 gave the best 

results. However, when the concentration of kinetin was 

higher or lower the number of explants with leaf formation 

decreased. 

Callus, Shoot, and Leaf 
Differentiation 

After 60 days in the culture medium only 0.6% of 

the explants developed well differentiated shoots with 

leaves. Generally only two small green leaves were formed 

on the top of the shoots. Differentiation of a normal plant 

was not obtained because these organoids did not form roots. 

The number of tubes with callus, shoot, and leaf 

differentiation treated with different levels of kinetin and 

naphthaleneacetic acid separately or in combinations is 

presented in Table 11. 

Explants without kinetin or naphthaleneacetic acid 

did not form these organoids, Naphthaleneacetic acid 

applied alone at different levels was not effective in 

inducing shoot formation, but when only kinetin was present 



Table 11. Number of tubes with callus, shoot, and leaf differentiation, after 60 
days in the culture medium with different levels of kinetin and 
naphthaleneacetic acid, from 1,000 tubes, 10 tubes per treatment, one 
explant per tube. 

Naphthaleneacetic acid mg/1 

Kinetin mg/1 0.00 0.25 0.50 0.75 1.00 3.00 5.00 10.00 15.00 20.00 Total 

0.00 

0.25 

0.50 — -- — 1 -- — — — — — 1 

1.00 

2.00 1 — -- — — — -- — — -- 1 

3.00 

4.00 1 — -- — -- — — — — — 1 

5.00 — — 1 — — — — — — — 1 

6.00 1 1 — — — — — — — — 2 

7.00 

Total 3 1 1 1 — — — 6 

<Ti 

to 
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in the nutrient medium at concentrations equal or above 

2.00 mg/1 there was some shoot formation. Treatments with 

0.25, 1.00, 3.00, and 7.00 mg/1 of kinetin isolatedly or 

at different combinations with anphthaleneacetic acid did 

not induce shoot differentiation, Naphthaleneacetic acid 

concentrations higher than 0.75 mg/1 alone or in combination 

with kinetin inhibited shoot formation. 

Experiment II 

Percentage of Living Explants 

The four best explants from each treatment produced 

in the first experiment were transferred to Erlenmeyer 

flasks containing 50 ml of fresh medium and cultured for an 

additional 90 days under the same environmental conditions 

as in Experiment I, 

After 90 days in the culture medium 95.25% of the 

explants were living and contamination was not observed 

during this phase of the experiment. The number of living 

explants cultured for additional 90 days at different levels 

of kinetin and naphthaleneacetic acid or in combination is 

presented in Table 12. 

All the explants transferred survived when they were 

treated with 0.25 up to 6.00 mg/1 of kinetin in combination 

with 0.25 up to 5.00 mg/1 of naphthaleneacetic acid. 

Combinations with naphthaleneacetic acid higher than 5.00 

mg/1 decreased the number of surviving explants. Fewer 



Table 12. Number of flasks with living explants after 150 days in the culture 
medium with different levels of kinetin and naphthaleneacetic acid, 
from 400 flasks, 4 flasks per treatment, one explant per flask. 

Naphthaleneacetic acid mg/1 

Kinetin mg/1 0.00 0.25 0.50 0.75 1.00 3.00 5.00 10.00 15.00 20.00 Total 

0.00 3 4 4 4 4 4 4 3 4 3 37 

0.25 4 4 4 4 4 4 4 4 4 4 40 

0.50 4 4 4 4 4 4 4 4 4 4 40 

1.00 4 4 4 4 4 4 4 4 3 3 38 

2. 00 4 4 4 4 4 4 4 4 4 4 40 

3. 00 4 4 4 4 4 4 4 4 3 3 38 

o
 
o
 • 4 4 4 4 4 4 4 4 4 1 39 

5. 00 4 4 4 4 4 4 4 3 3 3 37 

6. 00 4 4 4 4 4 4 4 3 3 3 37 

7. 00 4 4 4 4 4 4 3 3 3 2 35 

Total 39 40 40 40 40 40 39 36 35 32 381 
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explants survived when naphthaleneacetic acid was applied 

alone than when kinetin was applied alone. The best 

concentrations of kinetin were 0.25, 0.50, and 2.00 mg/1. 

All explants survived even when kinetin was applied 

separately or in combination with naphthaleneacetic acid 

levels of 0,25 to 3.00 mg/1. 

The lowest number of living explants was observed 

when the naphthaleneacetic acid concentration was 20.00 

mg/1, but at concentration higher than 5.00 mg/1 a slight 

decrease in the percentage of living explants was observed. 

Only 19 explants died in the second phase of the experiment. 

Fresh Weight of the Living Explants 

Lowest average fresh weight was obtained in the 

treatments without addition of kinetin and naphthaleneacetic 

acid to the nutrient medium. Additional culture of 90 days 

resulted in an increase in the average fresh weight of the 

explants by about 1200%. The average fresh weight of the 

explants treated with different levels of kinetin and 

naphthaleneacetic acid and cultured for 150 days is 

presented in Table 13. 

When kinetin was applied alone to the nutrient 

medium a slight increase in growth was observed up to 3.00 

mg/1. Concentrations of 4.00 and 5.00 mg/1 of kinetin 

resulted in very good growthf and at concentrations of 



Table 13, Average fresh weight (mg) of the living explants after 150 days in the 
culture medium with different levels of kinetin and naphthaleneacetic 
acid, 4 flasks per treatment, one explant per flask. 

Naphthaleneacet ic  ac id  mg/1  

Average  
Kinet in  rag/1  0 .00  0 .25  0 .50  0 .75  1 .00  3 ,00  5 .00  10 .00  15 .00  20 .00  weight  

0 .  00  263 .  67  386 .  50  576 .  00  649 .  75  839 .  25  943 .  25  1004 .  75  1046 .  67  928 .  75  781 .  33  741 .  99  

0 .  25  273 ,  25  402 ,  25  609 ,  00  668 .  00  884 .  75  967 .  75  1339.  50  1314 .  75  1229 .  75  863 .  00  855 .  20  

0 .  50  274 .  25  407 .  75  628 .  75  786 .  75  1043 .  00  1213.  75  1726 .  00  1622 .  75  1269 .  00  994 .  00  996 .  60  

1 .  00  284 .  75  543 .  00  806 .  25  1007 .  50  1327 .  75  1698 .  25  2014.  50  1889 .  00  1630 .  00  1285 .  00  1248 .  60  

2 .  00  325 .  00  624 .  00  923 .  25  1531 .  75  1952 .  25  2186 .  00  2339.  00  2123.  75  1425 .  00  1330.  25  1476.  02  

3 .  00  378 .  00  644 .  25  1302 ,  75  1540 .  50  2526.  25  3147,  00  2896 .  75  2544 .  00  1922 .  33  1796 .  33  1869- 81  

4 .  00  527 .  25  714 .  00  1371 .  00  1570 .  00  2798 .  00  3490 .  25  3025 .  75  2488 .  00  1952 .  75  1918 .  66  1985- 56  

5 .  00  754 .  75  986 .  25  1385 .  00  1716 .  00  2853 .  00  3284 .  25  2953 .  75  2363 .  66  1942 .  33  1806 .  66  2004 .  56  

6 .  00  787 ,  00  992 ,  75  1493 .  00  1728 .  25  2592 .  25  2605 .  00  2414 .  00  2122.  66  1735 .  33  1427 .  66  1789 .  79  

7 .  00  812 .  00  998 .  00  1516 .  25  1796 .  75  2414 .  75  2545 .  25  2419 .  00  1812 .  00  1484 .  33  997 .  00  Ib79.  53  

Average  
weight  567 .99  669 .87  1061.12  1299.52  1923.12  2208.07  2214 .30  1931.72  15^1.96  1319.99  1464.76  
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6.00 and 7.00 mg/1 slight increases were obtained. The 

above observations are illustrated in Figure 7. 

Tissues treated only with naphthaleneacetic acid 

produced a fresh weight higher than tissues treated only 

with kinetin. Naphthaleneacetic acid treated explants 

showed increasing gain in fresh weight when exposed to media 

with concentrations from 0.25 to 10.00 mg/1. At levels of 

15.00 and 20.00 mg/1 there were a decrease in fresh weight. 

However, the average fresh weight in these concentrations 

was higher than in the absence of this growth regulator as 

shown in Figure 8, 

Explants treated with combinations of kinetin and 

naphthaleneacetic acid had a higher average fresh weight 

than tissues treated with these growth regulators separately. 

This suggests that an interaction occurred between them. 

The highest average fresh weight was obtained in the treat

ment with 4.00 mg/1 of kinetin in combination with 3.00 

mg/1 of naphthaleneacetic acid and its fresh weight was 

3,490 mg. 

The effect of kinetin at all levels of naphthalene

acetic acid shows that weight began to increase when 0.25 

mg/1 of kinetin was added. This increase in weight was very 

pronounced until the level of 5.00 mg/1 was reached. At 

5.00 mg/1 the highest average fresh weight was obtained, 

At levels of 6,00 and 7.00 mg/1 of kinetin a prominent 
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Figure 7. Effect of kinetin on average fresh weight of the 
living explants after 150 days in the culture 
medium at zero level of naphthalene?.cetic acid — 
Explants were cultured as outlined in Materials 
and Methods. 
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Figure 8. Effect of NAA on average fresh weight of the 
living explants after 150 days in the culture 
medium at zero level of kinetin — Explants were 
cultured as outlined in Materials and Methods. 
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decrease in average fresh weight of the explants was 

observed. 

Effect of kinetin on the growth at all levels of 

naphthaleneacetic acid is shown in Figure 9. 

The effect of naphthaleneacetic acid at all kinetin 

concentrations shows that there was a very positive increase 

in growth when 0.25 mg/1 of naphthaleneacetic acid was added 

until a level of 3.00 mg/1 was reached. At concentration of 

5.00 mg/1 of naphthaleneacetic acid the highest average 

fresh weight was observed. 

At concentrations higher than 5,00 mg/1 of 

naphthaleneacetic acid there was a pronounced decrease in 

the growth rate suggesting that naphthaleneacetic acid at 

these levels has an inhibitory effect on growth. However, 

even at the highest level of naphthaleneacetic acid the 

average fresh weight was higher than in the absence of this 

growth regulator. Figure 10 illustrates the effect of 

naphthaleneacetic acid at all kinetin levels. 

Analysis of variance of data transformed to 

logarithmic form was conducted for weight of the living 

explants treated with different levels of kinetin and 

naphthaleneacetic acid separately or in combinations, The 

analysis showed highly significant differences for kinetin 

treatments, naphthaleneacetic acid treatments, and for the 

interaction between levels of kinetin and naphthaleneacetic 

acid (Table 14). 
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Figure 9. Effect of kinetin levels on average fresh weight 
of the living explants cultured for 150 days — 
Data were averaged from all treatments 
receiving from 0 to 2 0 mg/1 of naphthaleneacetic 
acid. Explants were cultured as outlined in 
Materials and Methods. 
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Figure 10. Effect of NAA levels on average fresh weight of 
the living explants cultured for 150 days — 
Data were averaged from all treatments receiving 
from 0 to 7.0 mg/l of kinetin. Explants were 
cultured as outlined in Materials and Methods. 
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Table 14. Analysis of variance for logarithmic weight of 
the living explants for kinetin and naphthalene-
acetic acid after 150 days in the culture 
medium. 

Source of variation 
Degrees of 
freedom 

Mean 
square F 

Kinetin 9 5.238 323 .121** 

Naphthaleneacetic acid 9 11.058 682 .182** 

Kinetin x Naphthaleneacetic 
acid 81 .105 6 .487** 

Residual 281 .016 

Total 380 .414 

**Significant at 1% probability level. 
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Data were analyzed by linear and quadratic regres

sion to determine the degree of association between kinetin 

and naphthaleneacetic acid for the alive explants. 

Regression coefficients of logarithmic weight for the effect 

of naphthaleneacetic acid at each kinetin level showed 

highly significant differences for quadratic regression 

coefficients and positive linear regression coefficients up 

to 6.00 mg/1 of kinetin. 

The highest coefficient of determination was found 

at 0.25 mg/1 of kinetin. The coefficients of determination 

for 0.25 and 1,00 mg/1 were relatively high, but markedly 

decreased at concentrations higher than 1,00 mg/1 (Table 15). 

Regression coefficients for logarithmic weight of 

the alive explants for kinetin at each naphthaleneacetic 

acid level showed highly significant differences and 

positive linear regression coefficients for all levels of 

naphthaleneacetic acid (Table 16). The highest coefficient 

of determination was observed at 1.00 mg/1 of naphthalene

acetic acid. At concentrations higher or lower than 

1.00 mg/1 a slight decrease in the coefficients of 

determination were observed. Coefficients of determination 

in this case were very high when compared to the coefficient 

of determinations at each kinetin level. 
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Table 15. Linear and quadratic regression coefficients and 
coefficients of determination (R2) for the 
regression of logarithmic weights of the living 
explants for naphthaleneacetic acid at each 
kinetin level after 150 days in the culture 
medium. 

Levels of Regression coefficients 
kinetin 2 
mg/l Linear Quadratic R 

0. 00 0.20330** -0.32279** 0.52358 

0. 25 0.26308** -0.41383** 0.66479 

0. 50 0.26934** -0.47101** 0.64081 

1. 00 0.30599** -0.47183** 0.58875 

2. 00 0.17632* -0.43812** 0.40625 

3. 00 0,24990* -0.47910** 0.42597 

4. 00 0.20453* -0.42128** 0.38585 

5. 00 0,12634 n.s. -0.36466** 0.39027 

6. 00 0.04932 n.s. -0.31782** 0.36300 

7. 00 -0.02068 n.s. -0.35551** 0.38093 

*Significant at 5% probability level. 

**Significant at 1% probability level. 
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Table 16. Linear and quadratic regression coefficients and 
coefficients of determination (R^) for the 
regression of logarithmic weight of the living 
explants for kinetin at each naphthaleneacetic 
acid level after 150 days in the culture medium. 

Levels of 
NAA 
mg/l 

Regression coefficients Levels of 
NAA 
mg/l Linear Quadratic R2 

0. 00 0.42800** 0.00467 n.s. 0.86847 

0.25 0.33412** -0.07306** 0.85591 

0.50 0.34373** -0.14936** 0.87793 

0.75 0.33317** -0,19737** 0.91575 

1.00 0.38688** -0.28611** 0.96797 

3.00 0.36255** -0.34125** 0.94358 

5. 00 0.25242** -0.27178** 0.84557 

10. 00 0.16048** -0.24657** 0.78619 

15.00 0.15364** -0.18102** 0.66717 

20. 00 0.18020** -0,30603** 0.88812 

••Significant at 1% probability level. 
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Callus Differentiation 

After additional culturing for 90 days, of the 400 

explants transferred, only 2 explants did not produce any 

kind of differentiation, 19 explants died, and 379 differen

tiated into callus; callus and roots; callus and leaves; or 

into callus, shoots, and leaves. 

Many of the explants that had very small green 

leaves on the callus when they were transferred to Erlenmeyer 

flasks, frequently reverted to only callus after the 

additional 90 days in the medium. 

The highest number of explants with only callus 

differentiation was observed at the highest concentration 

of naphthaleneacetic acid, and lowest number was observed 

when the explants were treated only with kinetin at differ

ent levels. Concentration of naphthaleneacetic acid 

between 0.25 to 1,00 mg/1 presented relatively low number of 

explants with only callus differentiation, but at higher 

concentrations this number increased. 

The number of flasks with only callus differentia

tion at different combinations of kinetin and naphthalene

acetic acid is presented in Table 17. Explants treated with 

kinetin without addition of naphthaleneacetic acid produced 

firm white callus, but when treated with only naphthalene

acetic acid they were friable and yellowish (Figures 11 and 

12). At concentrations greater than 5,00 mg/1 of 

naphthaleneacetic acid with or without addition of kinetin, 



Table 17. Number of flasks with only callus differentiation after 150 days in the 
culture medium with different levels of kinetin and naphthaleneacetic 
acid, from 400 flasks, 4 flasks per treatment, one explant per flask. 

Naphthaleneacetic acid mg/1 

Kinetin mg/1 0.00 0.25 0.50 0.75 1.00 3,00 5.00 10.00 15.00 20.00 Total 

0.00 1 3 1 — — 1 2 1 2 2 13 

0.25 1 - ---- - 2 1 2 3 2 11 

0,50 — 1 2 2 2 3 10 

1.00 — — — — — 113 1 3 9 

2.00 — 1 2 2 3 4 12 

3.00 — — 1 2 2 1 3 9 

4,00 __________ i 2 2 3 2 10 

5.00 — 1 — 1 2 2 3 3 2 1 15 

6.00 2211432 1 2 18 

7.00 — 1313433 1 2 21 

Total 2 7 6 4 6 17 21 22 19 24 128 
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Figure 11. Jojoba firm white callus treated with 1.00 mg/1 
of kinetin and cultured for 150 days in the 
modified Murashige and Skoog medium. 
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Figure 12. Jojoba friable and yellowish callus treated with 
3.00 mg/l of naphthaleneacetic acid and cultured 
for 150 days in Murashige and Skoog medium. 
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the callus in some cases turned dark brown and the edge 

frequently became necrotic. Later, the necrotic area of 

the callus in some cases formed new colonies of cells 

producing white to yellowish tissues (Figure 13). Cultured 

callus did not present defined shape or polarity. 

Callus and Root Differentiation 

At the end of the experiment 31.75% of the explants 

produced roots. White roots were located on or in the edge 

of the callus, and the number of roots per explant varied 

from 1 to 13. Roots contained many root hairs and dark root 

caps (Figure 14). 

The maximum size of the roots was about 2 cm long. 

In most of the cases geotropism was negative. As shown in 

Table 18 the root redifferentiation was dependent on the 

concentration of the growth regulators. 

When kinetin was applied alone at all levels, root 

formation was not observed, but when naphthaleneacetic acid 

was applied alone or in combination with kinetin root 

differentiation was obtained. The highest number of 

explants with root formation was observed when the explants 

were treated with 0.75 and 1.00 mg/1 of naphthaleneacetic 

acid independently of the kinetin level. Concentrations of 

naphthaleneacetic acid higher than 1.00 mg/1 decreased the 

percentage of explants with root formation. 
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Figure 13. Jojoba callus with necrotic areas, new white 
colonies of cells and root, treated with 10.00 
mg/1 of naphthaleneacetic acid and 0.25 mg/1 
of kinetin cultured for 150 days in Murashige 
and Skoog medium. 



Figure 14, Jojoba callus and root with many root hairs 
treated with 1.00 mg/l of naphthaleneacetic 
acid and 3.00 mg/l of kinetin and cultured for 
150 days in the Murashige and Skoog medium. 



Table 18. Number of flasks with callus and root differentiation after 150 days in 
the culture medium with different levels of kinetin and naphthalene-
acetic acid, from 400 flasks, 4 flasks per treatment, one explant per 
flask. 

Naphthaleneacetic acid mg/1 

Kinetin mg/1 0.00 0. 25 0.50 0.75 1.00 3. 00 5.00 10. 00 15.00 20. 00 Tota] 

0.00 1 3 4 4 3 2 2 2 1 22 

0.25 — 2 2 3 2 3 2 1 2 17 

0.50 — 2 2 3 2 2 2 2 1 16 

1,00 — 1 2 4 2 1 1 2 — 13 

2.00 — 1 2 3 3 2 1 1 — 13 

3.00 — 3 4 3 1 2 1 — 14 

4.00 2 2 2 1 1 1 1 10 

5.00 2 2 1 — 1 1 2 9 

6,00 — 1 2 2 — 1 1 1 1 9 

7.00 2 1 1 — 4 

Total — 1 10 23 28 18 13 13 13 8 127 
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Callus and Leaf Differentiation 

Number of explants that differentiated callus and 

leaf treated with different levels of kinetin and 

naphthaleneacetic acid is shown in Table 19. 

The number of leaves per explant varied between 2 to 

6 and 15.5% of the explants produced well differentiated 

green leaves, but plantlets were not formed, because these 

organoids did not form roots. 

Naphthaleneacetic acid applied alone at all levels 

was not effective in inducing leaf formation, but when it 

was added to nutrient medium at levels of 0.25 up to 10.00 

mg/1 in combination with different levels of kinetin, some 

leaf formation was induced. Kinetin applied alone in most 

concentrations was effective in inducing leaf differentia

tion. 

The highest induction of leaf formation was observed 

when the explants were treated only with kinetin, and an 

increase in naphthaleneacetic acid level resulted in a 

progressive decrease in leaf induction until 10.00 mg/1. 

Concentrations of naphthaleneacetic acid higher than 10.00 

mg/1 even in combination with all levels of kinetin 

inhibited leaf formation. 

Callus, Leaf, and Shoot 
Differentiation 

After 150 days in the culture medium 15.5% of the 

explants produced shoots and green leaves on the callus. 



Table 19. Number of flasks with callus and leaf differentiation after 150 days in 
the culture medium with different levels of kinetin and naphthalene-
acetic acid, from 400 flasks, 4 flasks per treatment, one explant per 
flask. 

Naphthaleneacetic acid mg/1 

Kinetin mg/1 0.00 0.25 0.50 0.75 1.00 3.00 5.00 10.00 15.00 20.00 Total 

0.00 

0.25 1 2 1 1 1 — — — — — 6 

0.50 3 2 1 1 — — — — — — 7 

1.00 3 1 1 1 -- 1 1 8 

2.00 2 2 1 1 1 — — — 7 

3.00 1 1 2 1 -- — — -- 5 

4.00 1 1 3 2 2 1 — 1 — — 11 

5.00 — 2 3 1 — — 1 — — — 7 

6.00 2 1 1 1 1 — — — — — 6 

7.00 2 1 1 1 — -- — ~ 5 

Total 15 13 14 10 5 2 2 1 — -- 62 
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The number of shoots per explant varied between 1 to 2. 

Generally the size of the shoots varied between 4 to 50 mm 

long. The organoids constituted by callus, shoots, and 

leaves did not form roots, in this case plantlets were not 

formed (Figure 15). 

Explants not treated with growth regulators did not 

induce shoot formation and neither did the explants treated 

with naphthaleneacetic acid alone in all levels. Kinetin 

alone at all levels was effective in inducing shoot forma

tion, as shown in Table 2 0. 

Naphthaleneacetic acid at 2 0.00 mg/1 even in 

combination with all levels of kinetin inhibited shoot 

differentiation. The highest amount of shoot differentia

tion was observed when the explants were treated with 

kinetin at all levels or kinetin in combination with 0.25 

mg/1 of naphthaleneacetic acid. Higher concentrations of 

naphthaleneacetic acid even in combinations with kinetin 

reduced the number of explants with shoot differentiation. 
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Figure 15. Jojoba callus, shoots, and leaves obtained with 
the treatment of 4,00 mg/1 of kinetin and 0.25 
mg/1 of naphthaleneacetic acid cultured for 150 
days in Murashige and Skoog medium. 



Table 20. Number of flasks with callus, shoot, and leaf differentiation after 150 
days in the culture medium with different levels of kinetin and 
naphthaleneacetic acid, from 400 flasks, 4 flasks per treatment, one 
explant per flask. 

Naphthaleneacetic acid mg/1 

Kinetin mg/l 0.00 0.25 0.50 0.75 1.00 3.00 5.00 10.00 15.00 20.00 Total 

0.00 

0.25 2 2 1 1 ~ — — — 6 

0.50 1 2 1 1 1 1 ---- - — 7 

1,00 1 3 2 1 1 — — — 8 

2.00 2 2 2 1 — 1 — — 8 

3.00 3 3 1 — 1 1 9 

4.00 3 3 1 — — 1 — -- — 8 

5.00 4 1 1 1 — — -- — 7 

6.00 2 1 — — — — — 1 4 

7.00 2 2 — — — -- — 1 5 

Total 20 19 9 3 1 3 3 1 3 — 62 



CHAPTER 5 

DISCUSSION 

Number of Living Explants 

Kinetin and naphthaleneacetic acid were critical 

factors in regulating the number of living explants. In the 

first experiment the lowest number of surviving explants was 

observed in the treatment without addition of these growth 

regulators, or in the presence of 0.25 mg/1 of naphthalene-

acetic acid, while in the second experiment the lowest 

number was observed when the explants were treated with 

20,00 mg/1 of naphthaleneacetic acid together with 4.00 

mg/1 of kinetin. 

In both the first and second experiments, concentra

tions of naphthaleneacetic acid higher than 5,00 mg/1 

clearly reduced the number of explants that survived. A 

possible explanation of the action of high auxin concentra

tions in reducing the number of surviving explants is that 

auxins at high levels induce ethylene production. Burg and 

Burg (1966) studying the interaction between auxin and 

ethylene and its role in plant growth showed that the 

inhibitory action of high concentrations is in some cases, 

due to auxin induced production of ethylene. 

90 
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Combinations of kinetin and naphthaleneacetic acid 

at some concentrations caused an interaction which resulted 

in a higher number of living explants. 

In the first experiment, 100% of the explants were 

living at combinations of 2,00 mg/1 of kinetin with 0.25 to 

0.7 5 mg/1 of naphthaleneacetic acid. In the second experi

ment the same percentage of living explants was obtained 

when they were treated with all levels of kinetin in 

combinations of 0.25 to 3.00 mg/1 of naphthaleneacetic acid. 

Kinetin alone at a concentration of 2,00 mg/1 or in 

combination with all levels of naphthaleneacetic acid used 

both during the first and second experiments, resulted in 

the highest percentage of live explants. The best concentra

tion of naphthaleneacetic acid used alone in the first 

experiment was 1.00 mg/1 but when added with all levels of 

kinetin the best concentration of naphthaleneacetic acid was 

0.75 mg/1. In the second experiment, naphthaleneacetic acid 

at concentrations of up to 3,00 mg/1 alone or together with 

all levels of kinetin, resulted in 100% of live explants. 

A significant observation in the first and second 

experiments was that kinetin applied alone at all levels to 

the nutrient medium, produced a higher number of living 

explants than when naphthaleneacetic acid was added 

separately. Addition of kinetin up to 2.00 mg/1 even in 

combinations with high concentrations of naphthaleneacetic 

acid decreased the number of dead explants. This suggests 
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that the inhibitory effect of naphthaleneacetic acid at high 

levels was counteracted by kinetin action. 

Richmond and Lang (1957) reported that the slow 

down of senescence by the action of kinetin is associated 

with the maintenance of protein and chlorophyll contents or 

by the increase in uptake and retention of low molecular 

weight metabolites (Mothes et al., 1961). 

Fresh Weight of the Explants 

Statistical tests based on the average fresh weight 

of the explants showed highly significant differences between 

explants treated with different levels of kinetin, different 

levels of naphthaleneacetic acid and by the interaction of 

kinetin and naphthaleneacetic acid levels in both experi

ments . 

In the first and second experiments, the treatments 

resulting in the lowest fresh weight were explants cultured 

without the addition of kinetin and naphthaleneacetic acid. 

The highest fresh weight in the first experiment was 

obtained with explants treated with 3.00 mg/1 of kinetin in 

combination with 1.00 mg/1 of naphthaleneacetic acid, but 

in the second experiment the highest weight was obtained 

when the explants were treated with 4.00 mg/1 of kinetin in 

combination with 3.00 mg/1 of naphthaleneacetic acid. 

Naphthaleneacetic acid applied alone in the first 

experiment resulted in the highest weight at a concentration 
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of 3.00 mg/1, but when added in combinations with all levels 

of kinetin the highest average fresh weight was obtained at 

1.00 mg/1. In the second experiment a slight difference was 

found since naphthaleneacetic acid applied alone at a 

concentration of 10.00 mg/1 gave the highest weight, but 

when it was added at all levels of kinetin the heaviest 

average fresh weight was obtained with 5.00 mg/1 of 

naphthaleneacetic acid. 

Identical behavior was observed when the explants 

were treated with kinetin alone or in combinations with all 

levels of naphthaleneacetic acid. Kinetin applied alone in 

the first experiment resulted in the highest weight at a 

concentration of 6.00 mg/1, but when added in combination 

with all levels of naphthaleneacetic acid the highest 

average fresh weight was obtained at 3.00 mg/1. In the 

second experiment a slight difference was found since 

kinetin applied alone gave the highest weight at a concen

tration of 7,00 mg/1, but when it was added at all levels of 

naphthaleneacetic acid the heaviest average fresh weight was 

obtained with 5.00 mg/1 of kinetin. 

Evidently, both auxin and cytokinin were required 

for rapid in vitro growth of jojoba explants; this was also 

observed by Linsmaier and Skoog (1965) and Vasil and 

Hildebrandt (1966a) working with tobacco and endive, 

respectively. 
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The addition of kinetin and naphthaleneacetic acid 

together resulted in an interesting interaction in both 

experiments related to the increase in fresh weight of the 

explants. When kinetin was applied alone to the nutrient 

medium, the highest weight of the explants was obtained at 

high concentrations, but when it was added together with 

naphthaleneacetic acid the highest average fresh weight was 

obtained at lower concentrations of kinetin. The same 

behavior was observed when naphthaleneacetic acid was 

applied alone or in combinations with kinetin. 

Probably this interaction occurred because kinetin 

works primarily as a cell division factor, while naphthalene 

acetic acid acts as a cell enlargement factor. Thus, both 

together in the same medium and in balanced concentrations 

have the capacity to increase the mass of tissue by cell 

division and enlargement at the same time at lower concentra 

tions than when applied separately. 

Naphthaleneacetic acid can be considered as the most 

limiting factor in terms of increase in fresh weight of the 

tissues, but in terms of vitality kinetin seems to be 

equally limiting and essential, 

Sallus Differentiation 

The results reported in this dissertation clearly 

demonstrate that kinetin and naphthaleneacetic acid applied 

separately or in combinations can induce callus formation 
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from shoot tips of jojoba cultured in vitro, since in 

most of the treatments used callus formation was induced. 

This is in general agreement with the results obtained by 

Kartha et al, (1974) working with rape stem explants in 

vitro. Differentiation of callus tissue may be due also to 

the auxin/kinetin ratio as postulated by Skoog and Miller 

(1957) . 

Callus produced on the medium with only naphthalene-

acetic acid at concentrations from 0.25 to 3.00 mg/1 pro

duced soft and friable tissues, and when a small quantity 

of fresh callus was dropped in water, it readily broke into 

numerous single cells and smaller cell groups. A similar 
4 

type of response was obtained by Rao et al. (1973) working 

with Petunia hybrida and Petunia inflata. Often at higher 

concentrations of naphthaleneacetic acid callus became brown 

with necrotic areas. 

The callus was compact and firm with light green 

spots when grown on a media with only kinetin or kinetin in 

combinations with naphthaleneacetic acid between 0.25 to 

0.50 mg/1. A similar result was obtained by Winton (1968) 

working with aspen. Other combinations of kinetin with 

higher levels of naphthaleneacetic acid caused an interac

tion which resulted in altered morphogenic responses. 

In the first and second experiments, callus tissues 

were formed on the explants even in the media with only the 

addition of naphthaleneacetic acid or of kinetin. Addition 
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of these growth regulators together resulted in an increase 

of explants with callus formation, as well as in the 

development of more vigorous callus. On the medium with 

only kinetin at all levels in the first experiment callus 

development was observed, in contrast with the results 

obtained by Matsubara (1975) working with callus in vitro 

of Vigna sinensis. 

In conclusion, in both experiments the requirements 

for naphthaleneacetic acid and/or kinetin seemed to be 

specific and indispensable at adequate concentrations or in 

balanced ratios both for initiation of the callus and for 

its continued proliferation. 

Callus and Root Differentiation 

Since the work of Bouillenne and Went (1933), 

Went (1938), and van Overbeek, Gordon, and Gregory (1946) it 

has become clear that auxin is only one of several substances 

required for root formation. 

The appearance of roots increased the average fresh 

weight of the jojoba explants cultures over that found with 

rootless cultures. Similar results were obtained by Loo 

(1945) working with stem tips of asparagus cultured in 

vitro. The effect of roots in increasing growth might be 

due to increased ability of the explants to take up nutrients 

from the medium or to the production by roots of one or more 

special growth promoting substances, even considering that 
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many of the roots formed on the jojoba explants were nega

tively geotropic and grew away from the callus mass into the 

air. Negatively geotropic roots were obtained by Vasil and 

Hildebrandt (1966b) working with Petroselinum hortense. No 

explanation is currently available for the negatively 

geotropic nature of these roots. 

In both experiments, the highest number of explants 

with callus and root differentiation were obtained when they 

were treated with 1,00 mg/1 of naphthaleneacetic acid. 

Increasing inhibition of root formation was seen with 

increasing levels of naphthaleneacetic acid, induction of 

root formation by auxin alone in the first experiment was 

successful at the levels of 1.00 to 5.00 mg/1, but in the 

second experiment naphthaleneacetic acid was successful at 

all levels, although the best concentrations were 0.7 5 and 

1,00 mg/1. 

Kinetin alone when applied to the nutrient media in 

both experiments did not induce root formation, and when it 

was applied at the highest concentration in combination with 

different levels of naphthaleneacetic acid it exhibited 

strong inhibition of root development. This is in general 

agreement with the results of the other workers (Kamineck, 

1968; Fellenberg, 1969). 

In conclusion, differentiation of roots appeared to 

be a function of naphthaleneacetic acid activity, since 

kinetin alone did not initiate root development. The 
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hypothesis that auxin plays a definite role in root forma

tion is supported, since root development was induced by 

naphthaleneacetic acid alone or together with kinetin. 

Similar results were obtained by Kartha et al. (1974). The 

jojoba explants with callus and root differentiation failed 

to produce shoots and leaves together in any of the treat

ments . 

Callus and Leaf Differentiation 

In recent years a considerable body of data has been 

accumulated which indicates that the differentiation of 

callus, roots, shoots, and leaves from cells and tissues 

in most cases can be controlled by auxins and cytokinins, 

or by other modifications of the culture conditions (Skoog 

and Miller, 1957; Steward et al., 1964; Halperin and 

Wetherell, 1965; Chen and Galston, 1965; Pillai and 

Hildebrandt, 1969). 

In both experiments, kinetin addition at various 

levels induced leaf formation. On the other hand addition 

of naphthaleneacetic acid did not induce leaf formation. 

Thus it seems probable that kinetin is a critical factor in 

the processes leading to leaf initiation in jojoba explants. 

Addition of kinetin together with low naphthalene

acetic acid concentrations resulted in a slight increase in 

the number of explants with leaf differentiation in the 

first experiment, although in the second experiment the 
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highest amount of leaf formation was found when kinetin was 

applied alone to the nutrient medium. In both experiments 

naphthaleneacetic acid at high concentrations alone or in 

combinations with kinetin inhibited leaf formation, thus the 

influence of kinetin on leaf development may be counter

acted by application of naphthaleneacetic acid at high 

concentrations. 

The results demonstrated that leaf formation in 

jojoba tissues may be induced when cultured in vitro and 

that kinetin appears to be a specific factor for this, as 

naphthaleneacetic acid was for the root formation. These 

observations are in agreement with the results obtained by 

Skoog (1950). 

Callus, Leaf, and Shoot Differentiation 

Shoot and leaf formation of jojoba explants 

appeared to be a function of kinetin activity, since 

naphthaleneacetic acid alone did not initiate shoot and 

leaf development in both experiments. That kinetin induces 

shoot differentiation has been well established by Skoog 

and Tsui (1948). The failure to obtain these organoids, 

when the explants were cultured with naphthaleneacetic acid 

alone, probably shows an inhibitory effect of this growth 

regulator on shoot initiation. It is probable that 

naphthaleneacetic acid at high concentrations interfered 

with kinetin activity. 
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Lower naphthaleneacetic acid levels did not inter

fere strongly with kinetin activity, and the organoids 

formed were similar to the ones produced with kinetin alone, 

although the highest number of replicates with shoot 

formation in both experiments was obtained when kinetin 

was applied alone to the nutrient medium. 
% 

In the first and second experiments when naphthalene-

acetic acid was applied at high concentrations together with 

kinetin at different levels, shoot and leaf formation did 

not occur, or the number of explants with these organoids 

decreased. Therefore the inhibitory influence of 

naphthaleneacetic acid on shoot and leaf formation may be 

counteracted by application of kinetin even at high con

centrations . 

The explants that formed these organoids failed to 

produce roots in any of the treatments. This may be due to 

inadequate supplements of the media, kinetin/naphthalene-

acetic acid ratio, or to some change in genetic make-up of 

the jojoba explants. Nataraja (1971) found that floral buds 

and anthers of some members of Ranunculaceae failed to pro

duce shoots from the root callus tissue in any of the media 

tested. Kinetin was effective for shoot initiation at all 

levels during the second experiment, thus supporting the 

hypothesis that kinetin plays a definite role in shoot 

formation. 
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Concluding Remarks 

The growth of a plant is dynamic and complex, yet 

it is a strictly controlled process. This means that growth 

in different parts of the plant must be integrated and 

coordinated. The coordination of growth between different 

parts of the plant must clearly involve some control 

mechanism. The development of organs such as roots, shoots 

and leaves involves an orderly sequence of phases of cell 

division and cell extension, so that there is also coordina

tion of growth in time (Wareing and Phillips, 1970). 

Since jojoba shoot tips inoculated on media without 

growth regulators failed to proliferate or to produce 

callus, roots, shoots, and leaves it appears that there is 

not a strong natural tendency for differentiation in these 

tissues. Therefore we may judge that the sequence of 

treatments brings about some change in the cells of the 

explant resulting in some differentiations. This is in 

contrast to the situation with tobacco (Skoog and Miller, 

1957) which has a strong natural tendency to produce shoots 

from stem pieces. 

However, when the explants were treated with dif

ferent levels of kinetin or naphthaleneacetic acid alone or 

in combinations there was an intense proliferation of 

callus and development of roots, shoots, and leaves depend

ing upon the kinetin or naphthaleneacetic acid levels or 

their ratios. 
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Replicate cultures within a given treatment of an 

experiment were in some cases alike in fresh weight, 

external appearance, and in the type of differentiation 

obtained. The reproducibility of results from one experi

ment to the next also has been satisfactory, but some 

variability was observed in total weight and in morphogenic 

patterns in response to a given treatment. At least in 

part this variability can be ascribed to differences in 

ages, origin, and treatment of the stock plants. 

Requirements of inorganic and organic nutrients may 

fluctuate for the plant growth. This is strikingly illus

trated by the sporadic appearance in control cultures of 

tissue pieces which have the capacity for some growth in the 

absence of naphthaleneacetic acid or kinetin and occasionally 

without either of these in the medium. That increased rates 

of biosynthesis is responsible for this behavior is well 

known in the case of auxin from the work of Gautheret (1939) 

and in the case of both, auxin and cytokinin is also known 

from the work of Braun (1958). 

Considering the above it is to be expected that 

tissues even from the same plant may have different 

quantitative nutrient requirements for optimal growth in 

vitro, and that these may change with time and conditions. 

In fact it is surprising that cultures from all parts of 

the plant kingdom apparently have rather similar. 
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requirements, and that often their growth is limited by one 

or small groups of common growth factors. 

In this research whole jojoba plants were not 

reconstituted from shoot tips. Probably the explants were 

not exposed to the proper sequence of stimuli during their 

development such as occurred with Chen and Galston (1967) 

and Steward, Kent, and Mapes 6) that resulted in whole 

plants from pith cells of Pelargonium and free cells of 

carrot respectively when exposed to a proper sequence of 

stimuli during their development. 

The sequence of stimuli was as follows: (1) cell 

division was best initiated on White medium containing an 

auxin at 5 x 10 M and cytokinin at 10 M; (2) cell 

division was best maintained and promoted on Murashige and 

Skoog medium containing auxin and cytokinin at the previ

ously stipulated levels; (3) cell differentiation and 

subsequent formation of vascular nodules occur as the callus 

ages on semisolid media? (4) the further transformation of 

differentiated nodules to formed organs occurs best in 

liquid cultures or on semisolid media lacking both auxin 

and cytokinin. Subsequent growth and development of the 

organs was optimal on semisolid media. 

The reason for this complex sequence of requirements 

may be explained by this way: Pelargonium stem pith may 

consist initially of a variety of cell types with different 

sensitivities to the various stimuli. At the time of the 
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establishment of the dividing callus tissue, the chemical 

and physical environment may effectively eliminate those 

cell types which are capable of reproducing differentiated 

organs, and it may select and perpetuate others which are 

characterized by unorganized growth during continued 

cultures (Torrey, 1965). 

On the other hand, ill vitro culture may bring about 

nuclear changes such that some cells may lose their 

potentiality to differentiate while others develop a require 

ment for a different set of chemical and physical stimuli 

for the initiation of organized development (Partanen, 

1965). Thus while jojoba shoot tip cells differ from 

Pelargonium pith callus cells in the signals that they 

require for differentiation, there is no evidence that the 

basic control mechanism is different. Additional research 

on jojoba will be needed to determine the proper sequence 

of treatments to regenerate a whole, viable plant from 

tissue cultures. 
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